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This  plan -of  *n=truction,   lespon  plans,  student 
handouta,    and  programed  text?  for  a  se^onjarv-postsecondary  level 
course  in  engine  aiechanicj=:  Is  one  of  a  number  of  military-develop 
curriculum  packag'-es  selec^red  f  or  adao*?.  tion  to  vocational  in!=;trii- 
and  curriculum  development  in  a  civilian  sett  in  a.  It  is  the  fir^t 
a  four-part  course   (see  M'^'^e  f'^r  c*ha  r  s^-tiors)   co  vering  general 
vehi-l3  lechanicB,  includfna  Inspection,  mairtenance,  and  repair, 
plan  of  instruction  pugge«^*-p  number  t>f  hour?  of  class  ti-aie  devot? 
each 'lesson  in  two  block?  of  instruct:  on    (Plcocs  I  ar.  d  II),  a 
of  si«ty-nine  hours  of  in«truc*for:   (1)  Publications  (2  lessons, 
hours),   including  basic  ma*"h  end  h»nl,   special,  and  measuring  too 
and  (|»   angines   (3  las^ons,  5"^  hours)     inclu3ing  engine  asseoibly, 
servicing,  and  reacsemblv:  coolina,  lubrication,  and  crankcase 
ventilating  systems;   Folderina:  ccrro'fion  control:  emission  ccntr 
systea:  caiburt^ors;  governors:  and  fut;l  system.  It  als*>  details 
criterion  obiectives  and  support  mats  rial':?  naeied.   Lesson  plans 
OttlJllne  teaching  steps.  Student  ©nterialt?  in  eiccit  I  include  two 
handoats  and  seven  proigra med  *texts  ^ind  in  Block  IZ  a  study  guids, 
workbook,  worksheet,  and  three  proaramed  texts.   Military  manuals, 
commeraial  tex*s,  ar^d  audiovisual^ -are  «=:uqae?ted,  but  not  provi3a 
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@IATIONAL  CENTER 
tESEARCH  U  VOCAnOHAL  EDUCATION 


^^Mt  (jfelC)  ^J^A^  U?'iiVf  ? 


This  ttiXitary  t«clmic4a  t^ralAlng  coutm  has         mmXmcUd  and  tda^t^i  by 
The  Center  for  Vocetionel  Uu^attan  for  *'Trlel  Ii^lmaCetlon  of  a  Model  Systea 
to  Provide  Military  Curriculum  Materfiila  for  Uee  in  Vocetlonel  and  Technical 
Education,*'  a  project  eppaeored  by  tW  Bureau  of  -Occupational  and  Adult  Education, 
U.S.  Department  of  Health.  Education,  and  Welfare.  ' 


The  National  Center 
Mission  Statement* 


The  National  Center  for  Research  iri  . 
Vocational  Education's  mission  is  to  increase 
the  ability  of  diverse  agencies,  institutions, 
and  organizations  to  solve  educationar  prob- 
lems relating  to  individual  career  planning, 
preparation,  and  progression.  The  National 
Center  fulfills  its  mission  by: 

•  Generating  knowledge  through  research 

•  Developing  e.?/ucational  programs  and 
products 

•  -  Evaluating  individual  program  needs 

and  outcomes  . 


• 


Installing  educational  programs  and 
products 


•  Operating  inforrr\ation  systems  and 
services*  . 

.  •  Conducting  leadership  development  and 
training  programs 

FOR  FURTHER  INFORMATION  ABOUT 

Military  Curricultim  Materials 
WRITE  OR  CALL  • 

Program  information  Office 

The  Mationai  Center  for  Reoarch  in  Vccationat 

Education  ^' 
The  Ohio  State  University 
1960  Kerihy  Road,  Columtjus.  Otiio  43210 
Telephone:  614/486-3655  or  ToH  Free  800/ 

848-4815  within  th«  continental  U.S. 
T,         (except  Ohio) 


Military  Curriculum 
Materials  for 
Vocational  and 
Technical  Education 
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Military 

Curriculum  Materials 
Dissemination  Is  . . . 


What  Materials 
Are  Available? 


  -♦a 

■  ■   •  '      •  » 


How  Can  These 
Materials  Be 


r  ■■iMtNlliiii 


an  activity  to  increase  the  accessibility  of 
military  developed  curriculum  materials  to 
vocational  and  technical  educators. 

This  project,  funded  by  the  U.S.  Office  of 

*  Education,  includes  the  identification  and 
acquisition  of  curriculum  materials  in  print 

*  form  from  the  Coast  Guard,  Air  Force, 
Army,^VIarine  Corps  and  Navy, 

Access  to  military  curriculum  materials  is 
i    provided  through  a  "Jtfint  Memorandum  of 
I  Understanding"  between  the  U.S.  Office  of 

Education  and  the  Depanment  of  Defense. 

The  acquired  materials  are  reviewed  by  staff 
and  subject  matter  specialists,  and  courses 
deemed  applicable  to  VQcational  and  tech 
nical  education  are  sejected  for  dissemination^ 

1^  TRe  Na^        Center  for  Research  in 
a    Visional  Education  is  the  U.S.  Office  of 
r  EdiKatfOn's  designated  representative  to 
^   acqulrie  ttje  materials  and  conduct  the  project 
activities. 

Projec^Staff: 


E,  Budke,  Ph.D.,  Director 
Center  Clearinghouse 

Shirley  A;  Chase,  Pl\D. 
^  Project  Director 


One  hundred  twenty  courses  on  microfiche 
(thirteen  in  paper  form)  and  descriptions  of 
each  have  been  provided  to  the  vocational 
X^urriculum  Coordination  Centers  and  other 
instrixtional  materials  agencies  for  dissemi- 
nation. 
f 

Course  materials  include  programmed 
ins^truction,  curriculum  outlines,  instructor 
guides,  student  workbooks  and  technical 
manuals. 

The  120  courses  represent  the  following 
sixteen  vocational  subject  areas: 


Agriculture 
Aviation 
Building  & 

Construction 

Trades 
'tlericat 

Occupations 
Communications 
Drafting 
Electronics 
Engine  Mechanics 


Food  Service 
Health 

Heating  &  Air 
Conditioning 
Machine  Shop 
Management  & 
^Supervision 
Meteoroiogy  & 

Navigatidh 
Photography 
Public  Service 


.The  numbVf  of  courses  and  the  subject  are^ 
repreWnted^wilt  expand  as  additional  nij^- 
rials  with  application  to  vocational 
technical  education  are  identified'and  selected 
for  dissemination.     *  * 


Contact  the  Curriculum  (Joordinatior)  Center 
in  your  region  for  information  on  obtaining 
materials  (e.g.,  availability  and  cost)*  They 
will  respond  lO  your  request  directly  or  refer 
you  to  an  instructional  materials  agency 
closer  to  you. 
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EAST  CENTRAL 

NORTHWEST 

Rebeccc  S.  Douglass 

William  Daniels 

Ditectoi 

Director 

10.0  North  First  Street 

Building  17 

Sprtngfitild,  IL  62777 

Airdustrial  Parle 

21 7/78;  -0759  " 

Olympia.WA  98504 

206/7530879 

MIDWEST 

SOUTHEAST 

Robert  Pa»ton 

James  F.Shill,  Ph.D. 

Director 

Orrtctor 

1S15  West  Sixth  Axe. 

Mifsisttppi  $^9te  University 

Stiitwater,  OK  74704 

Drawer  DX  * 

406/377  2000 

Mississippi  State,  MS  39762 

* 

601/326  2&10 

NORTHEAST 

WESTERN 

Joseph  F;Kelly,>h,D.. 

Lawrence  F<  H.  Zane,  Ph.O. 

Director 

Director 

225  West  State  Street 

1776  University  Ave. 

Trenton.  NJ  08625 

Honolulu,  HI  96827 

609/292-6562 

808/9487834 
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MILITARJf  CURRICULUM  MAOERIALS  .  ' 

The  military-develc3ped  curriculum  materials  in  this  bourse 
pslckage  wei^e  selected  by  the  National  Center  for  B^earch  in 
Vocational  Education  Military  Curriculum  Project  for  dissatt* 
ination  to  the  six  regional  Curriculum  Coordijiation  Centejrs  and 
other  instructicBial  materials  apencies.  ..Tlie  purpose  of  , 
disseminating  tttese  courses  waf  to  make  curriculum  materials 
developed  by  the  military  more  [accessible  to  vocational 
educators  in  ttte  civilian  setting. 

Hie  course  matetials  were  acquired, ^evaluated  by  project 
staff  and  practitioners  in  tdie  field,  and  prepared  for 
dissemination.    Materials  which  were  specific  to  the  raLlitary 
were*  deleted,  copyrighted  materials  wepe  either  omitted  or  appro- 
val for  their  use  was  obtained.    These  course  packages  contain 
curriculum  resource  materials  which  can  jae  "adapted  to  support 
vocational  instruction  and  curriculum  developjtient. 
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GEiJERAL  PURPOSE  VEHICLE  MECHANIC.  BLOCKS  I  AND  II 
Table  of  Contftnts 


Course  Description 

Plan  of  I«8truction 

Block  I  -  Publications 
Lesson  Plans 

Automotive  TTminology  -  Handout 

Glossary  of  MechaolCAl  Terms  -Handout  ^ 

Fire  Safety  -  Programmed  Text 

^  ■  Shop  Safety  -  Programmed  Text 

Basic  Mathematics  -  ProgYamoed  Text 

Automotive  Terminology  and  Hardware  - 
Programmttd  Text 

Mechanic's  Handtools  -  Programmed  Text 
Special  Tools  -  Progranmed  Text 
Measuring  Devices  -  Progranmed  Text 

Block  II  -  Engines 

'  Lesson  Plans 

Engines  -  Study  Guide 

Engines  r  Workbook  ^ 

^  Engine  Disassembly^  Engine  Components 

i  Inspection  and  Parts  Servicing >  Engine        ^  ' 

Reassembly >  Operation  and  Valve  Adjust^nn  - 

Worksheet  -  \ 

Soldering.  Tub^  Cutting^  Bending,  and 
.  Flarfng  *  Programmed  Text ] 

Vehicle  Storage^  Climatic  Techniques  Page  4j63 

and  Corrosion  Control     Programmed  Text 

*  *  ■ 

The  Typical  Vehicle  Fuel  System  -  Programmed       Page  498 

■  Text       '  •  . 
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^  M»t«ri«lf  art  rccommfmJtd  but  not  provtdfd 


 .'5.  


Th»i«ion  it  tnt  nm  of  a  four <pm  coura  i»M«rifig «mral  vahtela  maMtct,  Tht  •ntiia  cpum  covm  tfijip^tinf.  iwwub.  tanifw.  tdtutttng.  troubtt* 
«wootlft9.  am*  fapairlng  •utomotWa  gtntral  pu^ma  vthtclat:  ftaiqMna  angina  tuna«up  and  rapak ;  nrwHial  and  automitic  trantmititon  raplacamtnt  an<^ 
adiuttmant;  ludrtcation  tyttam  larvicing  and  rac«4r;  cooUng  iyttam  sarvictng;  poMtr  train  rapair :  front  and  and  Having  tyttam  «d(uttm«nt  and  rapaif ; 
t)»aM  tyttam  adiuitnnant  and  raoair;  vvaming  and  ti^ttng  tyttam  rapatr;  hydraulic  control  riptk:  air  conditioning  tyttam  tarvicmg;  corrosion  ijontroi; 
and  praparation  of  vaniclas  fot  clin^tic  conditions  and  shipmant*  Thrt  taction  of  the  ^rsa  contains  tvw  blocki  of  mttructton  covartng  69  hours. 

Stock  I     -       PiiWfcsttont  coniltti  of  two  iassoni  covaring  1 2  hours  of  mitruction  Thrta  lassont  wars  datatad  btcauia  thay  discui*  military  form* 
and  organisation.  Th«  ittson  lootci  and  raspectiya  hours  follow: 

Basic  Math  (8'houn) 

Hand,  Special  and  Maasuring  Tooii  16  hours) 
Bfn^li  11   -       fn^qat  contains  aight  lattont^oyacing  87  hours  of  Instruct ior 

t  T  * 

^inciplas  of  Intarnal  Combuttaon  Enginaa  and  Cngina  Disastambly  <6  houri>  ^  ) 

Engina  Oisassambly,  Engina  Comoonanti  fnipaction  and  Parti  Saryicing,  Engina  RaassamtXy,  Operstion  and  Vjiw«  Adjuitmant  r  8  hour^l 
f^rinciplas.  Impaction,  and  Rapair  of  Cooling,  Lubrication,  ind  Crankcasa  Ventilating  Systamt,  and  tha  Uia  of  Valva  Raconditionmg  Equ^oment 
(6  hourfl 

Basic  Soldaring.  Cutting,  Banding,  and  Glaring  Coppar  Tubmg  <4  hours) 
^,  Climatic  Techniqyas,  Corrosion  Control,  and  Storaga  (2  hours) 

Gasolina  Engina  Fual  Systam  Units  and  Emission  Control  Sysiams  (6'  hours) 
Construction  tnd  Oparating  Pnnciplas  of  Carburators  and  Govarnoc s  <  7.5  hours) 
t  Sarvtca.  Rtpair,  and  Adiuitmant  of  Carburators  and  Govarnors  (7.5  hours!  . 

This  sactien  contains  both  ttachar  tnd  itudant  matarials.  Printad  instructor  matantli  mcluda  itsson  plans  outlining  tha  wachmg  ttapi  and  a  plan  of  •nstruc* 
tion  datatling  units  of  instruction,  critarion  objactivas,  duration  of  tha  lassons.  ind  suppon  matariaU  naadad.  Studant  matariais  mcluda  thfaa  handouts: 
4iifomofrya  rmrntnofogy,  A  Glowy  of  M§cfW9fc^f  T^t,  tnd  A  BibHogfQhy,  Eight  programfnad  taxts  on  fira  saftty ,  shop  safaty ,  basic  mathamatics. 
automotiya  tarminology  and  hardwara.  machanics'  handrools.  H>acial  tools,  and  measuring  dayicas  art  also  orovidad  Tha  programmed  t««ts  pc ov»cla  frame 
by  frame  instruction  for  individualized  study, 

Savatal  military  manuals  and  commercially  produced  texts  are  referenced,  but  are  not  provided.  Audlovisuals  sugpeited  for  utc  mx^^  the  entire  course 
include  53  transparencies,  10  films  and  205  slidas.  This  section  ur  d  in  coniunction  with  the  renaining^hrea  section*  provides  coTiprenensive  coverage 
of  vehicle  inspection,  maintenance  and  repair  Some  documents  can  be  used  jndividuaMv  as  sub-units,  remedial,  or  individualized  stuov.  and  the  enttie 
course  can  t%  usea  m  a  qroup  instruct<onal  setting  or  adapted  for  individual  jse. 
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PLAH  Of  INSTRUCTION 


ttLOCK  TITLC 

Publications 


UMIlS  Of  JNSJ  RtiCTlOH  AND  i  »M  I  U\C\H  OOJf  C  Uvf  S 


Without  reference , 


.i.       Oi  it*  >t  at iiKi 

(  f )     Siihuul  ori  eftt  at  i  uti  cunducted^n 
acrordanof  with  SH  M)'l8,  At»_h    j  outlint*. 

M*,      Without   reteretirc,   identity  ba^c 
tact:,  and  terms  relating  to  career  provy^s^ioii 
In  vehicle  iaaintenancr  with  /Ui  ac^iy^iy. 

,  ifii^^fy  exaoiplea 
of  security  lnion!iatlon  as.  bei^  claiisificJ, 
unciassilled  »  or  of  fioss  i  hie /Intel  1  i^«^nce 
value  with  one  hundred  peryCnl  accuracy. 

d.  Without   retec^ue^   identity  «^  X  amp  1  e  s 
of  security  IntonaatL^  a»  being  top  secret, 
secret,  conf IdentiaJ^  or  tor  oif trial  une 
rtitly  with  one  hurled  pt-rcent  accuracy  ♦ 

e,  UlU^out  ref«*r<ar^t^. ,  select  the  most 
secure  mody\>f  trannicl tt ing^  cl.itfsl f led 
Informal^im*     No  error  is  permitted. 

Without  reference,  identify  security 
prq^duTcs  involved  In  voice  cou^ni cat  tons . 
errors  are  permitted.  s 

g*      Without  reference,  identify  basic 
.facttt  and  procedures  concerning  automotive 
persc^nel  and  equipiuent  uhop  sSifety.  Seventy- 
five  percent  of  the  factte  and  procedures  inuat 
be  Identified  correctly. 
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Self-Instruction  iirs) 

loitructionar  EnvlroniDent /Oesiyi 
Classrootit  (6  hr«) 

Croup/Lock  Step  (Nt)TF:  CroupALocK  :Stcp  f-  applicaUK  lo  all  ui  blocltj 
I  through  VIZ.) 

Iftgt  ructional  Otildanrf  * 
iJae  PTii  and  necet>sary  review  ot  subi4*ctti  to  ai  coop  1 1  ah  iuhl  ruction. 
Uae  Atci)  3  to  Sk  50-18  as  a  j^ulde  Sur  orientation.     Stresi;  energy  ^d 
■Bterlal  coobervatiou.  '  " 
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J»«  I  i  Of  .Hi  T  sue  I  lOH  *N0  (  I*.  T  t  RION  OB  If  f  I ,  V  f  i 


T2.      Hand.  Sp«cUl,  and  Meaaurlng  Tools 

I  *'      f^r*°  P*«^t"*"««  °f  vehicle  Mlntenanc 

"      ^1*         "-"ing  tool.,  Identify 
I  tne  o««  «nd/or  function  of  each.  Eiahtv 

percent  of  the  n«ie  «»d/or  function  -St  be 
I  laentlfled  correctly. 


V 1 


Mr  Force  Technical  Orders  and  C<««rcJ 
PubllcatiunH 

a.      Without  reference.  Ide^fffV  basic 

of  •d.lai.tratl*.  publwfSns.  levaoty 
P«rc«nt  of  th«  fact^^t  be  Identified 
correctly. 

«i  ^^^••••nce,  identify  the 

reiau^BTilp  of  basic  facts  concerning  the 
sc^  and  «pi»llc«tlon  of  the  Technical  Ordei 


\  Po^Hof  .wsTmcTiaNHO  3ABR47330 


Pt  AH  OF  INS1  RUCTION  (Co«t,ny4) 


5—  — 


D«y  3,  4 


CoIuBn  1  Reference 
2i  ~  

Instructional  Materials 

3ABM7330-PT-W3C,  Special  TwU 
3ABM7330*PT-I04B,  HcMurlng  D^vlc^^ 

Audio  Viaual  Alda 

Fil«:    m  4f6A,  Torqulng  Equlpaent  and  Usage 

Training  Equlpiatit 
Trainers : 

^^"2825,  Handtool  Display  (10) 

60-Z558>  Mandrel  Measure  (1) 

60-2521,  Measure  Block  Steel  Rale  (10)  ' 

Training  Methods 
Sclf^^Instruction  (6  hrs) 

Instructional  Envlronim^nr /f^.,^ 
ClassrooB  (6  hrs)  '  ^ 

Instructional  Guidance*  ^ 

PT.  «,d  necessary  revle-:of  aubject.  to  .cco.pU.h  Inatructloo. 


(1.2) 


Instructional  Materia la^ 

SlJIJiSlwI'Ss'  Technical  Order  Syateiu 

^Suc^^^^^S^^  Technical  Order  Syate.  and  Co„»erclal 

"^^A^i^iltE'***  Maintenance  Syste.  and  Record. 

frainlng  Pile 

BLOCK  NO 





MCDIFTCAI'IONS 


'ub:.. cation  'r.^s  (liavt;  bee;-  ic-ltced  i; 


vi.^-t this  r.ateriai  :cr  inclusion  in  tlie  "Trial  Ir.n i err.e;-! t.it  i.-n  of  'a 

.V^u.-:  :yster.  t.^  Provide  ^'iiicary  Curricular.  Materials  for  Sse  in  '•.oca: ionai  ^ 

'ano   -v.  hni.cai  Euucacion."    DelececT  material  involves  extensive  u^a  oi 

t 

-lii-.-.rv  -errs.  7>  rcc  ecures ,  iivst£r.s,_  etc.  and  was  not  ccnsiiered  arr^rorriate 
'  ■•-"*cac  icnal  arc;  te-hr.ical  education.  '  , 


ERIC 


Is 


PLAN  OF  INSTRUCTION  ^ 

General  Purpose  Vehicle  Repairaan  *  Part  I 

iii'    -.t                                                               ^  —  

Englaca                                                                                                     ^  " 

Duration 

i                                                                                   •  * 

1.      Principles  of  Internal  Con^ustion  Engine^ 
and  Engine  Dlsadaembiy  ^ 

a.      Without  reterences^  Identify  basic 
facts,  principles  of  operation,  functioo^  aiid 
relationship  of  engine  aysteoi  and  components 
with  ?0X  accuracy. 

\ 

■  f 

* 

6  , 

Day  6 

Colxjmn  1  Reference         SIS  Reference 
la                                ,  lla 

tnstructional  Materials 

3ABR4733O-SG-201.  Principles  of  Internal  Cinnbubtiati  Engines  and  EnEinc 
Disassembly 

3AJR47330-WB-202 /'Engine  Disassenbiy.  Engine  Compooenisi  Inspection  and 

Parts  Servicing.  Engine  Reassenbly,  Operation,  and  Valve  Adjustwnt 
3ABR4733O-WB-202A,  Engines  Ji*^^«nt 

Audio  Visual  Aids 

FUwf — wn  ai  ttA,  m    ,^  "iiHig.i  Baglnst 

t>aining  En^ipaent 
Trainers: 

60-2759,  Engine  Aase^ly  IHC  6  Cyl  (2) 
66-3299,  Engine  Cutaway  (10) 
60-2584,  Four  Stroke  Cycle  Principles  (10) 
^  Mechanic's  Comon  Handtools  (1) 

Training  Methdds 

DiscMsslon/Denonstration  (4  hrs) 
Perforaance  (2  hrs) 

Instructional  Environnent/Deslgn 

Clasiroott  (4  hrs) 

Laboratory  (2  hrs)  • 

Instructional  Cuidtffoca  ^' 

Discuss  piiiUcatlons7  handtools,  special  tools,  and  engine  principles. 
Assign  two  students  to  one  engine  trainer  and  supervise  them  closely 
while  they  drain  the  oil  and  coolant,  partially  disassenble  the  engine, 
«kid  place  conponcnts  on  display  boards.    Point  <Mit  errors  and  correct 
then  on  th#  spot.    Stress  energy  and  aaterial  conservatloa. 

\ 

2  January  1975 

Siork  NO. 

(Final  Copy  *  84%  ^  8  X  10^)) 


'I 


PLAN  OF  INSTRUCTIOH  (CMt9to«i«^ 


UWiTS  OF  tN&TffUCTiOH  AMD  Cl»1l€lltON  Qljf  CTlVC) 


EnglM  Di«ca«Mblyt  Englm  CotpoMats 
lMp«ctioa  «d  Part*  Ssrvlcint,  togioe 
R«os€ibly,  Operation,  and  Valv#  AdjuatMot 
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Day  7,8,9 


a.  Givan  an  tnglne "trainee  and  tools, 
practicing  all  lafaty  pracautioi|a«  diiataai^la 
an  angina  follovlng  all  the  procedures  outlined 
in  the  student  workbook. 

b.  Given  engine  trainer  and  coaf»onents. 
tools,  equipwent,  and  workbook',  practicing  all 
safety  precautions,  inspect,  repair,  and/or 
sarvice  engine  coaponents  lAU  procedures  and 
sped  fleet  lone  ift  student  workbook  with 
instructor  guidance       required  on  aore 
difficult  taaka,  ' 

c*      Given  engine  trainer,  tools «  and 
prscticiag  all  safety  precautions,  reaase^le 
'engine  trainer  following  all  the  procedures 
outlined  in  student  worhbook. 

d.      Given  engine  trainer,  workbook,  tools 
and  equipMnt,  practicing  autowtlve  personnel 
and  equlpsHiDt  shop  safety,  use  vlaual,  auditory, 
operational  siaaaa,  and  teat  aquipaent  to  check 
and  adjuat  angloa  aechanical  ayataM'IAU 
procadurea  outlined  in  student  workbook. 


i 


(2) 


(6) 


(4) 


(6) 


Col 


1  Reference 


2a  ^ 
2b,  2c 
2d 


STS  Reference 
3,  9,  lib 
3.  9,  Uc 
3,  9,  lid 


Ina^tructional  KateTlala 
3AU47330-SG-2O2,  Engine' Diaaaseably/  Engine  Coaponents  Inspection  and 

t*arta  Servicing,  Engine  Raaaaeably,  Operation,  and  Valve  Adjuatasnt 
3ABR4'7330-WB*2O2,  Engine  Uaaaae^ly,  Engine  Conponente,  and  Parte  ?* 

<»Serviciag,  Engine  Reaa^ae^ly,  Operstioo.  and  Valv^  AdjustMnt 
3ABR47330-UB-202A,  Engines 

Audio  Visual  Aids  *  * 

?il«j    TV  77-661,  Distributor  XnstallaLlon  and  Timing 
Charts  *  Engine  Cos^nents 


Training  Eiauip; 
Trainer: 


let 


|75f7  Engine  Aaseai>ly  IHC  6  Cyl  (2) 


Hechanic's  Cohaoli  Handtoola  (1) 
Meaawlng  Devices  and  Special  Tools  (1) 
Spring  Testers  <5) 
Tittlng  Lights  (21)  ' 
Vacuum  Prsaaure  :Geuge  (2) 
Engiae  Tachoost^r  (2) 
"CoHpiaaaion  Gau^  (2) 
Rod  Allgawnt  Tester  (5) 

Bench  Itaaat    tV^acallaneoua  Engine  Components 

Trainina  Methods  \ 
Dtocosaioo/Pemqinatration  (6  ^a) 
Parfomanca  (12  hra) 


laatructioaaL  favirnnaaot/Oaaisai 

ciMai^  (i  bta)   

tiUboratory  (12  hrs) 

Inatructional  Guidance        ^  ' 

Diacusa  parte,  aeihrlclng,  reconditioning  procedurea,  and  tachnlquea,  and 
proper  uae  of  puiflicationa^    Include  servicing  and  raconditionlna  of 


#  1 


337A 


^CVtOU^  f  OITIOMS  OSftOLCTC, 


(Piaal  C^      A  -  I  X  tth) 


V 


^LAH  OP  INURUCTIOH  (C^fm»«4 


UNITS  0»  )MST<iUCTlOM  amO  C  AMCHlQN  CAif  r  TiVfcS 


^  HOURS) 


3. 


Principiea,  Inspection,  and  Repair  of 
Cooling,  Lubrication »  and  Crankcase 
VantllaCing  Syatema.  4ind  th«  Uaa  v( 
Valva  Racondltionlog  CqulpmnC 


a.      Without  refarencas*  Identify  baalc 
facta  and  tanaa  rclatlva  to  the  principle^, 
function,  and  ralatlonahlp  of  cooling, 
lubricating,  and  crankcaaa  vantilating  systems 
with  70Z  accuracy.  n 

b*      CI van  angina  train«r,  toola,  equipnent 
and  practicing  parsonnal  and  aqulpaant  shop 
•afltty,  rapalr  or  sarvlca  lubricating*  cooling* 
and  crankcaaa  ventilating  aystfims  following 
procedures  outlined  in  student  study  guide, 

c.      Given  tools,  equipment,  engine  trainer 
practice  personnel  and  equlpwnt  shop  safety, 
repair  or  service  valves  aftd  aechanisBs  lAW 
^ufacturer*s  aanual.    Instructor  assistance 
required  on  more  difficult  tasks*  ^ 


^4.  AN  OF  IN  IT  SUCTION  NO. 


3AI1R47330 


6* 
Day  10 


engine  components,  final  asseobly  of  engine  trainers  and  inspections, 
adjuatnent*  minor  tune-up  anJ  perform  cosq^resslon  teat,  Conplece 
training  objectives  using  workbook. and  appt^cable  publications.  Point 
out  and  correct^errors  on  the  spot. 


Column  1  Rtference 

3b 
3c 


STS  Reference 

Tn  ^ 

lis 

3,  4d,  9,'  lib.  He 


Ins t rue tional  Materials 

3ABR47330-S&-203,  Principles,  Inspection,  and  Repair  of  fooling, 
Lubricatioo,  and  Crankcase  Ventilating  Syateas,  and  the  U»«  of 
Valve  ilccooditioning  EqulpMnt 

Comrcial  publication:    Valva  Refacer  Instructions 

Audio  Visual  Aids 
Charts  -  Engine  Sys terns 

Tralcitttt  Equipment 

Trainer:    60^2759 Engine  Assesbly  Ulc  6  Cyl  (2) 

Hechanlc*s  Cowm  Handtools  (1) 

Special  Tools  (1) 

Measuring  Tools  end  Devices  (1) 

Spring  Testers  (2) 

Valve  Reconditioning  Equipment  (3) 

thermae  tat  Tester*  (10) 

Pressure  Cap  Teatera  (S) 

Bacfk  Flushing  Eqiilpmisnc  ii) 

tench  Items:    Miscellaneous  Engine  Cumpoiimnts 

Traimii^  Metfroda 
piscuaaiomy&mmbMtratton  <3  hrs) 
Performemce  (3«hre) 

lostructipnal  Eairironsmnt/Oesign 
Classroeer  (3  hrs) 
Laboratory  (3  hrs) 


2  January  19?5 


StOCK  NO, 


11 


PACiC  NO 


ERIC  .  ?  ^ 


337A 


-mi'i." 


iHiMt  C*|iy  -  •«!  -  t  X  lAh) 


I! 


Pim  OP  INSTRUCTION  (C*iit.«H»«4 


4.      BmIc  Soldering.  Cutting.  Sending*  and 
riertng  Copper  Tubing 

«.      Given  bench  icem»  toolg,  equlpMnc 
prect icing  all  eefety  precr.utione,  bend. end 
flere  copper  tublog,  /md  perfor*  soldering 
^Mrclee  lAW  FT. 


Duration 


4 

Dey  U 


Inetructlonel  Cmdence 

Dleci^e  perte  eervlclng,  reconditioning  procedure*  end  techniquee; 
proper  u^e  of  velve  reconditioning  equipMnt;  end  include  eervlclng 
end  reconditioning  of  engio^jcoaponence.    Point  out  end  correct  errore 
on  the  epot. 


Coluan  1  Reference. 
4e 


STS  Rgfereoce 
9 


Joetnictionel  Meterlels 

3AiR47550-'Pr-2Q4C,  Soldering^  Tube  Cutting,  Bending,  end  Flaring 

Traininp  Egulptnt 

Mechenic*e  CoMon  Uandtoole  (1) 

Solder  E^ulpHnt  (I) 

Flaring  Toole  (1) 

tench  Iteae: 

Copper  Tubing 

Pif tinge  end  Connections 

eitfctrlcel  Wiring  end  Ter«lnalt 

Trainina  Methode 

Self-taetruction  (I  hr)  ,  » 

Perfomeace  (3  hre)  ^ 

laatructional  InvironBant/Deaian 
ClaeerooM  (I  ht} 
Leboracory  (I  hrt)  ^ 

loatniceioiial  aiiaanaa  ' 
Acce«glieh  iaacrnctlim  uelng  profrawed  text, 
uhiie  perfocttiaf  eolderlng  teeka  in  (he  1^. 


Obeerve  eefety  preceytione 


ERIC 


P«(v*OUS  f  OtTtOMft  OMOl.tTC 


3fi 


5,      CUnatic  Techniqaea,   Corrosion  Control, 
and  Storage 

.1.      Without  ret*?renre,   Identify  procedure! 
tor  |>rtfp.4ration  of  vehicles  for  winter Izatlon , 
atcragtf,  and  shipment,  and  corrotfion  concrnl 
with  accuracy^ 


6.      Caaollnt?  Engine  Fuel  System  Unlti*  and 
Kinlssion  Control  Systeoib 

a.      Without  reference,  identify  basic 
principles  of  operation,  function,  and 
relationship  of  fuel  pumps »  InAtruMncs^ 
sending  uiiitb,   Uncs,  fittings,  filters,  ajid 
nuinlfold  heat  controls  with  70Z  accuracy. 

b-      Clven  TO,  engine  trainer,  and  too  lb » 
practitt*  all  safiuy  prei  aut  Ions ,  and  ti'iit 
fuel  syateoui  I  AW  TO, 

c.      Without  references,  identify 
prfqciples  of  opttration^  iMpcction,  aain- 
tcnance,  mnd  repair  procedutaa  af  evaporative 

emission  control  sysceom  with  70%  accuracy. 


PiMHOf  iH*T»iJi  j\cm  nc  3ABH47330 


•  i.ro     lo/i  ffi4ui 


PL 


AH  OF  IHSTRUCTTDH^oM.nwj) 


'HOURS, 


2 

Day  11 


h 

Uay  12 


CoXuion  I  Reference 


STS  Reference 


5a  lOa  , 

i 

\     Instructional  MateriaU 

3ABR473»^PT-204D.  Vehicle  StoraRe.  CUnatlc  Techniques,  and  r:orro»ion 
Control 

i    Training  Methods 

Self-Instrucclon  (2  hrs> 

I     Instructional  Environment /Design  ^ 
I    Classroom  (2  hrs) 

Instructional  Cuidence 

Acconpiish  instruction  using  prograamed  text  to  complete  leabou  object ivei 
Column  i  Reference  STS  Reference 


6a 
6b 

6  : 


ISa 

3,  4d,  9.  15c 

10  c 


Instructioaal  Materials 

1ABR47330-SG-206,  Gasoline  Engine  Fuel  Supply  System  Units 

iABR47330*pT-205B,  The  Typical  Vehicle  I^lel  System 
TO  33D6-3-4-1.  WT 

Audio  Visual  Aids 

Chares  -  niel  Syateia  Components 

Film;    TFl-4045,  Fuel  pump 


Training  BguloMot 
Traloar"    60  Ji^, 


OAT  t 


Traiiiari    60^2759 »  Engine  Aase!ri>ly»  IHC  6  Cyl  (2) 
Hechanlc's  Ctmmm  Handtools  (1) 
Vacuum  Prasaure  Gauge  (2) 
Hench  I  team: 
Lines 
FitCifigs 
Filter* 

 Slngla^lcLloti,  J'ual-^4im»   ,^ 


2  January  197S 


StOCK  NO 


n 


(Fmnl  CppY  ^  84%  -  8  X  m,} 


if  I*    4/  it  Jul  it'^'l  ti^  ftfl  laJt  MA,!  ^%,t  t  I'iii  i  I* 


r: 


UNlfl  OF  •NST«UCT  ON  anO  CmitRiON  oeifc  lives 


7.      CoastructloD  and  OperatlDg  Principles  of 
Carburetors  and  Governors 

♦ 

a.      Without  references*  Idef^tlfy  basic 
facts  and  tenas  relative  to  the  principles  of 
operation,  function,  and  relationship  of 
carburetors  and  governors  with  70Z  Accuracy. 


PLAN  OF  INSTRUCTION  IC^Uny^ 


Duration 


Support  MAiER*#i.i  and  ouujamc  f 


Training  Hathoda 
Diacussioa/DaBoos  traf  ion  (3  hrs) 
Ptrforsonca  (3  hrs) 

Instructional  Environi^ot/Desi^ 
Cloiftsrooft  (3  hra) 
Laboratory  (3  hrs) 

Instructional  Guidance     *  '  ^ 

Discuss  principles  of  operation,  service,  and/or  repair,  and  checking  of 
fuel  systea  components  such  aa  fuel  tanks,  sending  units,  lines,  filters, 
instrisMnta,  fuel  pti«ps,  and.aanifold  heat  control  valves*  DisasseAle, 
repair,  or  service  and  reassenble  components.    Perforn  training  using 
programed  text,  bench  itew,  and  following  safety  rulesf 

^      ]/  Coluro  1  Reference         SIS  Reference 


Day  13,  fC^  7a 


ISa 


PL  AH  OF  IM3J«UCTI0N  HO.  3ARR47330 


(9) 


Instructional  Materials 

3ABR47330-SG-207,  Construction  and  Operating  Principles  of  Carburetors 

and  Governors 
TP  33D6- 3*4*1 

Audio  Visual  Aids 

Oiarts  -  Carburetor  and  Governors 

Film  Strip:    70-8,  Cnburetors,^  FUndaoientals',  and  Facts 


Training  Equipment 
Trainera: 


60-2760.  Ingl 
«0*27M,  Bntl 
HechMie*! 

Vacuw  Pressure  Gauge 
Tadi-IWall  Tester  (2) 
Bem^  Items: 

Carburetor  (1) 
Governor  (1) 


ComtlMatai,  4  Cyi  (10) 
Amaa^iy.  IBC  6  Cyl  (2) 
Hondtools  (1) 

(X) 


OATc    2  January  1975 


BLOCK  NO. 


II 


P*Ct  HO 


10 


99 


f  0  R  y 

HAH  71 
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PRCVIOUS  COtTiOHt  OS^Oi.|TC 


i<Fliiel  C*|^     14«  ^  8  X  W7) 


♦ 


PLM  OF  INSTRUCTION  (CoittiivW) 


liHlTS  OF  IN^TRUC  T \0H  AND  f  RlTCRlON  OBJtC  Tj  v  t  S 


8.      Service,  Repair,  aiid  Adju^tmetit  uf 
Carburetors  and  Governors 

a*      Given  dyno  trainer  board /bench  item^, 
and  tools,   following  all  safety  precaut lonti . 
service  and  repair  carburetors  and  governors » 
and  troubleahoot  carburetors  and  governor 
problems  lAW  study  guide, 

b*      Given  T0»  engine  trainer »  tools » 
equlpoentt  and  practicing  all  safety 
precaution* »  use  visual ,  auditory »  operational 
fleans»  and  test  equlpoiMt  to  check  carburetors 
and  governors  lAW  TO. 


PLAN  Of  iHiT RUCTION  NO,  3ABR47330 


DUNATtON 

fhOURS) 


!>(iHPOHT  MATtRULi  AND  bUlDANCt 


7.5 
Day  14.15 


(3.5) 


<4) 


Training  Methods 

Discusaion/Demonstration. (7  hrs)  r* 
Performance  (2  hrs) 

Ins  t ruct  i OQ^I  ^_^"^J^^ 
Classroom  (7  hrs) 
Laboratory  (2  hrs) 

Instructional  Guij^nce 

Discuss  carburetor  and  governor  purpose,  construction,  and  operating 
principles  *     Disassesible ,  Inspect ,  and  reasseiob  le  carburetors  and 
governors.    Complete  training  objectives  using  applicable  manuals  and 
safety  precautions* 


Colmnn  1  Reference 

8a 

8b 


STS  Reference 
ISb 

3.  4d,  9,  15c 


I  n  s  t  r  uc  t  ipna  1  ^^J^j*  ^  j^^^ 

3ABR47330-SG-208,  Service^  Repair,  and  Adjustwnt  of  Carburetors  and 

Governors 
TO  33D6-3-A-1 

TO  33D6*3-iO-l,  Clayton  CSiassis  Dynamoveter 

Audio  Visual  Aids 

Charts  -  Carburetor  Adjustsients 

Training  Eguipsient 
Trainers^ 

60*2760,  Engine  Continental,  4  Cyl  (10) 

"10-2759,  Engine  Aaaes^ly,  lUC  6  Cyl  (2) 

V  1^2831,  Dyoasuwter  Inspection  Record  (IAA 
^tec  aniens  CoMon  Handtools  (1)  ' 
Special  Tools  (1) 

Vacuidi  Preaaure  Gauge  (2>  • 

Tach-Dwell  Tester  (2) 

Bench  Iteos:  '  ^ 

Carburetor  (1) 
 Governor  (1) 


o^^t     2  January  1975 


BLOCK  NO.     (  I 


PLAN  OF  INSTRUCTION  (CMitiM«4 


UNITS  OF  INSTRUCTION  AND  ClilTtRlOH  OBJECTIVES 


Related  Training  (Identified  la  course  diart)* 
9.      Measurement  Teat  and  Teat  Critique 


PLAH  OF  (NSTKUCTION  NO.  3ABK47330 


DUAATtON 

,  /hours; 


20 

15 
Day  15 


SbP^CR"  maTE»i#ls  and  00«nAMt  t 


Tralnlria  Mathoda 

Dlacuaaion/Dattoiiatratlon  (1.5  hra) 
PerforMAca  (6  hra) 

Inatructional  BnviroDwcnt/Dealgn 
Claaaroom  (1.5  hra)' 
Laboratory  (^  hra) 

Inatructtooal  Guidance 

Dlsua«i61e,  Inapact,  aarvlce,  repair,  and  raaaaeabjl*  carburatora  and 
govarnora  following  aafaCy  pracclcea.    Record  dynaaK>n«ter  rcadinga, 
iaolate  aalfunctlona,  and  racoanand  corrective  action.  Dlagnoae 
hypothetical  dyooaooeter  test  reault  probleaa.    Coaplete  training 
ohjectlvea  using  study  references. 


2  January  1975 


BLOCK  MO. 


II 


PAiit  NO, 


12 


3RIC 


roajL 


f acviOMf  iO(T«ONl  oaftOLtrt. 


t(Fiiitti  Caf 
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Gahtral  Puroost  Vghicle  ltefl^4.wi»ft  r^gtVWv^vC 


•LOCK  TITLC 

Publications 


UlSMN  TITLC 


Orientation, Basic  Math  and  Security 


LtSSOH  OU«ATIOW 


cLAMnoofc;  /LaDoratory 
O&O  1  hr  SI  5'hrs/None 


LAsoRATOMv  /Compl  eiTOn tapy 
None' 


TOT  Ak 

6  hrs 


/ 


PAOtt  OATl 


1 


STS/CTS  •tPtttNCf 


MUMSCR 


STS473X0 


dATC 
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SICMATUHC 


i)|P6RWS0R  Ay^WOVAL 


kATt 


tlONATUIlC 


OATt 


PRECLASS  PREPARATION 


eOulPMCMT  LOCATED 
IM  LAaORATOMY 


None 


eOUlMICNT 


None 


CLASSIFieO  MATERIAL 


None 


^^AARHIC  AIDS  AND 
UNCLAtSirir.O  MATERIAL 


.9  ^ 


1.  3ABft47330-H0-101 

2.  3ABR47330-HO-101A 

3.  3A3R47330-PT-101B 
3ABR47330-PT-101C 
3ABR47330-PT-101E 
3ABR47330-PT-101F 

17.  ATCP  52-11 

p.  3ABR47330-H0-1QQ 


CRITERION  OBJECTIVES  AND  TEACHING  STEPS 


a.    acientaticn:  (1)  School  orientation  conducted  I  AW  with  SR  50-1.8.  atchJ,.Art1ine. 

reer  progression 


b.  WithoiJv^eference  identify  basic  facts  and  terms  relating 
in  vehicle  nSiqtenance"  with  705t  accuracy. 


c.  Without  referer 
unci assi filed,  or  of 


identify  examples  of  s 
tble  intelligence 


ty  information  as  being  classified, 
ue  with  one  hundred  percent  accuracy. 


d.  Without  reference,  ident 
secret.^  confidential,  or 


«?i4lMjse 
select  the  most  si 


iplns  of  se'-urlty  infotmation  as  being  too  secret, 
;i4l  use  only  with  one  hundred  percent  accuracy. 


eu^e^ 


e.    Without  refere 
tion.    No  error>i< permitted; 

rsference,  identify  security  procedures 
are  permitted. , 


f.  W1' 
No  errc 


mode  of  transmitting  cUssified  informa 
Ived  in  voice  communications. 
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sonntl  and  equlpiMnt  shop  safety.  Savtnty-f lv« Ti«rc«nt^^ 
must  be  identified  correctly. 


Teaching  Steps  are  Listed  in  Part  11 


r  .  ■ 

ATC 


f 


MODIFICATION'S 

^d*^^     /"^^^  J'f  t'.'.is  publication  has  ('r.ave';  buen  deleted  in 

au.;-r  :-v-  this  xacerial  /or  inclusion  in  tli|  "Trial  Inn lementac ion  of  a 
M..>dcl  5;-bt:er.  to  Provide  ^Uiitary  Curriculum  Materials  for  use  'in  Vocational 
anc  Tv  r.nical  Education."    ISeieted  .material  involves  extensive  use  of 

forr.s,  proced^ires.  svstems,  etc.     and  wa!**  not  considered  appropriate 
ust    in  vorationai  and  t«?rnnical  education. 


\ 


Adnlnlstir  tht  fonoMln9  pr^rmmd  ttxt:  * 
(1)   3ABR47330-PT.10U,  Shop  Saftty 

(?)  Air  r  ra  ii,  siuuii  imiu 

(a)  3Aon4yaao  pt  loir,  cmM  Fuii  Pcegi'unoih 


(5)  .  3A8R4733a.PT.10lE,  Basic  Ntth 

(6)  nrSDT   PT  47-1  Fire  Safety 

Th^sft  are  lessons  to  be  completed  in  the  study  area  or  as  home  asslen- 
ment.  time  permitting.    Tell  the  students  they  will  be  required  to  answer 
questions  on  an  appraisal  with  801  accuracy  the  following  day. 

Review  PT  instruction  and  objective  with  students.   Be  sure  he  knows  what 
he  is.  expected  to  do  for  each  part.    (From  this  point  on  the  letters  PT  will 
be  used  in  place  of  Prograamed  Text). 

Make  it  clear  to  the  students  that  an  instructor  will  be  available  at  all 
times  to  answer  questions  and  provide  assistance  as  needed. 

Administer  PTs  3ABR47330-PT-107B.  Autowtive  Terminology  and  Hardware 
3A8R47330-HO-K)0  Bibliography.  3ABR47330-H0-101  GlossarJ  of  Hechanical  Terms 
Theft  are  for  student  information. 


J 


(3) 


3S 


-  \  


T       -  --■ 


j5»ntril  Pjfposi  VthlcU  l%^\\m\f\///&'M.4¥(// ^ 


tkOCK  TITLE 

PtibH  cations 


LIMOM  TITUC 

Hand,  Sptciil,  and  Mtasurlng  Tools 


/Laboratory 


uAMnATonY/coropitmentary 

^ot  itMitwct 


TOTAL 


STS473X0 


STS/CTS  mi^CMwcf 

OATI 
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SUPERVISOR  APMOVAL 


OATI 


i. 


llOl«ATUfli 


OATt 


IN  dABOAATOftY 


1.  Trainer:  61-2825 
Z.  Trainer:  60-2558 
3.  Tlra1n6r:  60-2521 


COUlMtMT 


None 


CLASIIFltD  MATtfllAL 


None 


aHA^NlC  AlOS  AHO 
UNCUASSirtCO  MATrillAc 


1.  3ABR47330-PT.102B 

2.  3ABR47330-PT-103C 

3.  3ABR47330-PT-104B 

4.  Film:    FTA  496-A 


CAtTf RtON  OSJfCTlVtS  ANO  TSACHINC  STEPS 


a-.  Given  pic/ures  of  vehicle  malntananct  hand,  special  and  measuring  tools.  Identify 
the  name  and/or  function  of  each.  Eighty  percent  of  the  name  "and/or  function  must  be 
identified  correctly.  r 


Teaching  Steps  are  Listed  In  Part  II. 
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Part' n 


I.    STUDY  Am  IHSTMICTOIt: 

a.  Havt  tht  foXlowlag  ttudy  MtMials  and  training  aqulpaant  In  ch<t 
atudy  araa: 

(1)  3AB&47330-PT-102B,  Itechaolc's  Handtools 

(2)  3ABR47330-PT-103C,  Special  Tools 

(3)  3ABR47330-PT-10AB,  Maaaurlng  Davlces 

(4)  AppralaaX  WS/Q/3ABR47330-l01B-C-l>-E-r-C 

(5)  '61-2825  Rand  Tool  Dlaplay 

(6)  60-2558  Mandral  Maaaure 

(7)  60-2521  Measure  Block  Steel  Rule  Remind  students  not  to 

nark  In  Instructional 

(8)  Film  FTA  496A  Torqulng  Equipment  and  material 
Usage  Conserve  electricity, 

b.  Check  PTs  adsilnlstered  on  previous  day  to      heat,  etc. 
insure  student  made  all  the  required  responses. 

c.  Administer  eppraisal  WS/Q/3ABR47330-101B-C-B«-E-F-G.    The  student 
must  satisfactorily  answer  questions  on  appraisal  WS/Q/3ABR47330- 
lOlB-C-D-E-F-G  with  SOX  accuracy. 

d.  In  case  of  unsatisfactory  completion  of  the  lesson  appraisal,  the 
student  will  restudy  PTs  as  needed. 

e.  After  satisfactory  completion  of  the  lesson  appraisal,  administer 
3ABR47330-PT-102B  Mechanic's  Handtools,  3ABR47330-PT-103C  Special 
Tools,  3ABR47330-PT-104B  Measuring  Tools. 
These  lessons  are  to  be  completed  in  the  atudy  area. 

f.  Review  PT  instruction  and  objective  with  students.    Be  sure  he 
knows  ifhat  he  is  expected  to  do  for  each  part. 

g.  Show  fUa  FTA  4^6A  Torqulng  Equipment  and  Uaage.    Quiz  Film 

h.  Pass  out  tools  to  aid  students  with  PT  3ABR4733O-104B. 

Trainers:  61-2625, 

60-2558,  ^ 
-  60-2521 

(1)  Micrometer 

(2)  Mandrel  Measurement 


•  *Kfl*I)REt BEASUREHERTS 


,  #2 

#3 

#4 

1. 

.692 

.952 

1.196 

2. 

.734 

.984 

1.234 

3. 

.760 

r.Olo 

1.259 

A. 

.765 

1.016 

1.264 

5. 

.740 

.986 

1.241 

6. 

.746 

.996 

1.246 

7. 

.730 

'  .980 

1.230 

8. 

.775 

1.024 

1.275 

9. 

.769 

1.006 

1.268 

10. 

.755 

1.006 

1.256 

1.    As  each  student  completes  PTs»  check  to  see  that  he  made  all  the 
required  responses. 

j.    After  satisfactory  completion  of  the  PTs,  administer  appraisal 
WS/Q/3ABR47330-I02A-B-C. 

k.    In  case  of  unsatisfactory  completion  of  FT  appraisal,  the  student 
vlll  restudy  the  parts  as  needed. 
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V«hlcl«  MAlntananc*  Branch 
Ghanuta  AFB,  Ullaois 
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Thia  haadout  eoataiaa  tha  daflAttloa  aad  piarpoaa  of  various  typaa  of 
vahiclM  Olid  ochar  tarviaology  aaaoelatad  with  vahida  aaiataaaaoa.   Aa  uadar* 
•tandittg  of  chia  toraiaoleiy  vill  aid  you  throughout  thia  school  «ad,  ia  your 
futun  Job  la  tha.  autoaotiva  aaiataaaaea  fiald.   Thaaa  taxaa  ara  aot  liatad  la 
aiphahatical  ordar,  but  ara  arraafad  la  a  aaquaaca  for  aaaiar  laaralat. 

Hpcor  VahicXa  -  Any  Itaa  of  aquipaaat  aouatad  oa  whaala  or  tracka  which 
darivas  aotiva  powar  f roa  a  aalf -eoatainad  powar  unit »  or  la  daalgaad  to  b« 
uaad  in  coajuaetioa  with  auch  salf-propallad  aquip«ant . 

^  Conrdal  Daalgn  -  A  vahida  daaigaad  by  tha  naaufacturar  aa  a  production 
nodal  for  coHMrdal  eala  aad  uaaga. 

Military  Daaign  -  A  vahiela  daaigaad  in  accordanca  with  ailitary  apacifica- 
ciona  to  aaat  a  apaciflc  raquiraaant. 

Ganaral  Purpoaa  Vahiela  -  A  vahiela  daeignad  for  aovlng  paraonnal  or  natarial, 
and  for  towing  crailara  or  aaaitrailara ;  a  vahida  which  will  aatiafy  ganaral 
automotiva  tranaport  naada. 

Spacial  Purpoaa  Vahida  -  A  vahida  daaignad  for  a  spacial  raquiraaant;  thia 
indudas  apadally  daaignad  leaaa  auch  aa  aircraft  towing  tractora,  craah  flra 
and  raacua  trueka,  aircraft  rafualing  vahiclaa,  ate. 

Hatarlala  Handling  Equipaant  -  A  aalf-propallad  vahida  daaignad  to  haadla 
matarial.    Thia  includaa  forkllfta,  warahouaa  tractora,  placfora  lift  tnicka, 
aircraft  cargo  loadara,  at^* 

Malntenanca  -  All  actiona  raquirad  to  retain  a  vahida/aqulpmant  in  a  aar- 
vlcaabla  condition  or  to  raatora  it  to  a  aarvicaabla  condition  whan  .matarial 
la  acononically  rapalrabla.    Tha  tarn  '*naintanaaca'*  indudaa  Inapactlona, 
teatlng,  rapalr,  ovarhaul,  rabuilding,  raaanuf actura ,  cannlballsatlon  and 
reclaaation. 

Organizational  Malntananca  -  (Oparator  Maintananca) .    Haintananca  that  la  tha 
raaponalbillty  of,  and  parforvad  by  tha  uaina  organisation  on  Ita  aaaignad 
equlpmant.    Thia  aaintanaaca  coaaiata  of  daily  daaaing,  aarvlcing  and  mainta- 
nanca dlacrapanciaa. 

Intermadlata  Malntananca  -  Maintaaaaca  that  la  nonally  tha  raaponalbillty  of, 
and  parforaad  by  daaigaatad  aaiataaaaea  activitiaa  for  diraet  aupport  of  uaiag 
organlsationa.    Ita  phaaaa  normally  eonaiat  of  calibrating,  rapairiag  or  ra- 
placlag  daaagad  or  uaaarvieaabla  porta,  coapoaaata,  or  aaaaahliaa,  aodifying 
aatarial,  aaargaaey  anufaatsiklag  of  uaavallabla  parta,  aad  proridlng 
tachaical  aaaiataaca  to  iiaiag  orgaaiaationa . 
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Daaiaaad  for  ATC  Cmiraa  13mm  On^ly 


,Dipet  NiintMinec  -  MslnCMaae*  that  iM,  tlw  rMpoulblllty  of,  tmA  p«Tfora«4 
by  dMigaafdv—intuwca  «ctiYitlM  to  oufpHit  oteeko  of  Mrvieooblo  ■Atoxl«X» 
aii4  to  oupport  ortn^MtioBol  mA  latiraadioto  aAlBtwoaeo  oetlvltloo.  thti 
.jMiatonaaeo  if  oeeoipllalMd  by  «Dr«  OKtiuivtt  ohop  faellitlos  aad  oquipMftt 
oad  povtoBBoX  of  hii^r  tochBicol  ikill  choa  aro  aonttlly  attalloblA  at  Xonvr 
lovolo  of  aolBtaniBeo. 

Provontlvtt  MalAtameo  -  Tho  oyotoaotic  Inopoetioo,  dotoctioDi  oltd  co^roctlon 
of  folluroo*  olchor  boforo  thoy  occur  or  boforo  cb«y  davolop  into  aojor  dofoett 
to  oconoBicAlXy  MlatAin  oquipMul^^^ad  focllltloo  in  •  lotlifACtory  ond 
dopoadablo  oporotlss  condltloa. 

Roeurrlnt  Malato&aaco  -  RopotitlYO  BOlntMiffiCo  roqulrod  mm  m  rooult  of  In- 
'  corroct  41«sft00ls»  poor  worteoaohlp,  dMlgp  dofldoaey*  oporotor  abuoo  and/or 
inoffoetlvo  q[uallty  control,  and  aatarlal  fallur*. 

Schodulad  Malntmanca  -  Pariodie  praacrlbad  lnap#etlon  and/or  aarvldng  of 
aqulpmant  aceoMpllahad  on  a  calendar,  ailaaga  or  Aiours  of  oparatlon  baala. 

Unachadulad  Maintananca  -  Madbat«ianca  that  la  not  achadulad  but  la  raquirad 
to  corroct  daflclaaelaa  and  raatora  vahida/aqulpMnt  to  a  aarvlcaabla 

condition. 

CannlballzatlLon  -  Tha  authorlxad  raaoval  of  a  spaeiflc  cooponant  or  aaa«ibly 
from  onf  Itam  of  aqulpaant  for  inatallation  on  aaotbar  to  aaat  a  priority. 
Thara  la  an  obligation  to  raplaca  tha  ranovad  Itan. 

Corroaion  Control  •  That  traataanc  raqulrad  to  prtvaat  or  corract  corroaiva 
action  on  vahldaa /aquipMnt . 

End  Icam  -  A  find  combination  of  aatambliai,  componant  porta,  and/or  aatarlala 
which  art  raady  for  chair  intandad  uaa. 

Gross  Vahicla  Waight  -  Waighc  of  a  vahida  Including  fual,  lubricants,  coolant, 
or  vehicla  macarlal,  cargo  and  operating  paraonnd. 

Limited  Technical  Inapaction  -  An  Inapaction  parformad  to  dettraina  tht 
currant  condition  of  a  vOhicla/aqdpnant  using  DD  Form  1361  and  A7T0  Form  91 
whan  appropriate. 

j^ariodic  Inapaction  -  An  inapaction  accompliahad  at  regular  intervale  of 
tdendar  time,  milea  or  hours  of  operation. 

i 

^Quality  Control  -  la  the  function  of  aeauring  that  the  quality  of  maintenance 
performed  la  of  an  acceptable  degree  and  providee  oeeeeaary  eervlceability 
and  reliability  moat  ecoaomicdly. 

Rsdametlon  -  The  diamendeaeat  or  dieaeeembly  of  ea  end  item  for  the  purpoae 
of  converting  aerviceable  componenta  into  the  active  inventory. 

Vehicle  Down  for  Maintenance  -  A  vehicle  placed  In  an  out  of  coaniasion  atatua 
due  to  nonavailability  of  parts. 
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As  else  permits,  stuJy  the  reference  materials  llsCftd  In  .the 
bibliography  for  the  bas^  library.    After  studying  th«  Mterlals 
listed-,  you  will  possess  a  much  broader  knowledge  of  the  course  than 

could,  be  possible  during  normal  classroom  instruction. 

Base  Library 

1.  Adams,  Orville  L.  Sr.    Diesel  Operation  and  Maintenance*  Englawod 

Cliffs,  N.  J.:     Prentice-Hall  Inc.,  1946. 

2.  Auto-Mechani^s  (6  Vols. ^Rev- )  ■    Milwaukee:    Bruce  Publishing  Co.  ; 
1955.  . 

3.  Auto  Service  and  Repair.     Ill:    Goodhearc-Willcox,  1964. 

4.  Automatic  Transmlaaiona .    Philadelphia:    Chilton  Book  Co.,  1969, 

5.  Automobiles  (5th  Ed.).     St.  Louis:    Webster  Division,  McGraw-Hill, 

1965. 

6.  ^Automotive  Electrical  Equipment;    Construction.  Operation  and 
Maintenance  (7th  Ed.).    New  York:    McGraw-Hill,  1971. 

i  ■ 

7.  Automotive  Engine  Design.     New  York:    McGi-aw-Hill ,  1970. 

a.    Automotive  Engines:'  Construction.  Operational  and  Maintenance 
(3rd  Ed.).     St.  Louis:    Webster  Div. ,  McGraw-Hill,  1966. 

9.    Automotive  fuel.  Lubriciiting  and  Cooling  Systems:  Constniction. 
Operation  and  Maintenance  (4'th  Ed.).     New  York:    McGraw-Hill.  1971. 

10      Automotive  Mechanics  (3rd  Ed.)*     New  York:    McGraw-Hill,  1956, 
 ^  

11.  Automotive  Mechanics  (6th  Ed.).     St.  Louis:     Webster  Division, 
McGraw-Hill,  1970. 

12.  Barnacle,  H.  E.     Automobile  Engineering.     Oxford,  N.  Y. :  Pergaaon 
Press,  1964. 
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Enl.  .ind  Improved).     •  nliaUeiphia,  PA:    Chilton,  1968. 

14.  Bindmann,  Or.  Wtnwi .    dictionary  of  S«nl-Conductor  Phyalcs  and 
Elot.  tronicbs     New  York:    Perft..:non  Press  Inc.,  196- 

15.  Blanchard,  Harold  Frederick  and  Ralph  Ritchen..    Auto  Engines  and 
Electrical  Syatems  (3rd  Ed.).-  New  York:    Motor,  1963. 

16.  '  Bricker,  Frederick  E.  Audels  Automobile  Guide  (1st  Ed.;.  Indianapolis, 
Ind:    Audel,  1966. 

17.  Care.  Maintenance  and  Repair  (6th  Ed.).    Cambridge,  Mass:  Robert 
Bentiey  Inc. ,  1967. 

18.  Check-Chart  Co"! .     Tune- up  Service.     Chicago:  1969. 

19.  Chilton  W  Aut^o  Air  (.c^U i  iXoniiia  and  Wiring  Diagram  Manual.  Phila-^ 
delphia,  PA:     ^-hTlLtMi  Book.  Ci  .  ,  1971. 

20.  Chilton's  Automub lie  Rei'^ir  Manual.  1940-1953.     Phtla.  .  PA:  Chilton 
Book  Co. ,  1971. 

21.  Chilton's  Automobile  Ret  air  Manual,  1953.     Phila.,  PA:  Chilton 
Book  Co. ,  1953.  . 

22.  Chilton's  LaboV  Guide  at d  Parts  Manual  (41st  Ed.).     Phila.,  PA: 
Chilton  Bbok  Co.,  1970. 

23.  Crouse,  William  Harry.     Automotive  Mechanit:s  (5th  Ed.).     St.  Louie: 
Webster  Div. ,  McGraw-Hill.  1^65. 

.     Crcusii,  Willidia  H.irT-  •.     Autontutive  Transcissions  and  Power  Trains: 
Construction.  Operation  and  .'Ui nten ance  (4th  Ed.).     New  York:  McGraw- 
h'lII,  1971. 

y,.     Custer.  James  (LdUiT).     Automobile  Industry  and  Trade 

Automation.      PlUla,   !'A:     '^hiicon  Co.,  1966. 

:c.     Duncan.  W.    J.     Me^;hjaic..  ot  Fluids.     New  York:     Americaii  Elservier 
Publishing  Co.  ,  19*': . 

J7.     Dyke,  Andrew  Lee.     Autonobile  and  Engine  Encyclopedia  (22nd  Ed.). 
Chicago:    Goodheart-Wilicox  'io .  ,  1950. 

:ti.     Fitch,  E.  C.  Jr.     Fluid  Power  and  Control  Systems.  =  New  York: 
MciJraw-Hill,  1966. 

29.     Frazee,  Irving  Augustus.  Walter  Billiet  and  Phillip  Eschelman. 
Automotive  Brakes  and  Power  Iransmiss ion  Systems.     Chicago:  American 
Technical  Society,  1956. 

10.     rra7.ee,   IrviUfci  A.,  Wm  L'Ugdo'i  and  G«*orgv  Hafferkamp.  Automotive 
Suspens  i  on  ,  S^tcerinj;  and  Wlic;  I  '^1.*  g'i'"*^.'!':  • 
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\l  .  GoorijiHie,  N.  (KtMiort.  iMuyi  I  opi-d  f  .1  »'j  American  AtttonK>bllu«, 
Nfw  York  :"    Out  t  m  .  • 


ri»lla..  PA:'  ChiUou  Co.,  1958'. 
3i.    Clenns  New  Auto  Repair  Manual  -  I960,    I'hll'a.,  PA:    Chilton  Books. 

34.  Graham,  Frank  D.    AudelVs  Truck  and  Tractor  Guide  for. Mechanics  md - 
Drivers  of  Gaa  and  Diesel  Motors.    New  York:    Theo.  Audela^d  Co.,  1963. 

35,  Gunther,  Raymond  C.    Lubricai.  lov .     ?hlKv  ,  PA:    Chlltoi\  Book  Co.,  1971. 
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^   Vahl^U  )tidataa«[e«  lAneh 


iSlOUiMS  Of  tTCUMXGAL  HBMS 


dafiat  t«cta.  tdfntify  Individual  p«m  aad  co^Ut. 

"th  v«hlclt  ..latwwca  «id  opacatlba.    Tha  itadaat  wiU  alao  ba  abla  to 
uia  propar  noaancUturt  for  corrMpondoncd  and  tupply  .purposM. 

. IHTRODUCTXOH 

A  thorough  kno.fl.dga  of  auto«>tiv.  "^^^J^^^j/^ff »  •'•^ 

la  nociooary  for  tha  ttchniciaa  to  coawmic^to  with  hi.  •'•^•^S^  Litti. 

««o^l.^  «KPiia  coacanad  with  tha  .oliitloa  to  *utoaotlva  P"»;i— •  J;J"J* 
^Sl?^.  iould  in  r*ullding  or  rtp.lH«g  •  vahlcl. 

Sl^^othar.    Ihoraforo  a  Glooaary  of  Tara.  i.  Vfty  u.oful  to  v^hida  a«intan«ica 

tfid  support  panonnal* 

INFORMATION  ' 

This  gloo»ary'i»  arring«d  jLn  alphabetical  ord.r  to  aid  th.  .tudont  in 
finding  the  meaning  to  any  tern. 

PBOCEDUKE 

By  referring  to  thia  glbea.ry  the  atudent  c«i  find  tfraa  related  to  the 
areaa  for  which  information  i»  deaired.  i.«.^„ 

Exiple:    The  word  "horeepowT"  will  be  referred  to  under  the  H  . 

Any  information  on  horsepower,  such  m  continuoua  J."""^"*^^ 
howepower,  peak  horsepower.  et6. .  can  be  found  under  this-  section. 

GLOSSARY 


Absolute  Pressure:    Total  or  true  pressure.    Gaga  pressure  plus  ataoepherlc 
pressure. 

Absolute  T.»aritur«:    T-p.t«turt  In  d««r«««  *ow  *.oluc«  Mro.  Wdlng 
fbSa  to  F25»helt  t«p.r.tut.  c«„«ru  It  to  F*r.*.it  *.olut.. 

i=e.l.r«tlmi-  IUt«  of  ch«ng«  of nwod.    If  ■  truck  reachM  •  •p««d  of  50  mph 

t^  lo"«t^  fr^VitttSSg  .frH  It.  .cc.l«.tlon  1.  50/10  ot  5  .ph  p.r 
second 

Air  Claaaaf :  Mltar  for  r««vtng  uDW«ited  solid  iapurltia.  fro.  intake  air. 

Atr-?u^l  Ratio:    Ratio  of  the  waight  of  air  to        weight  of  fual  suppUed 
for  conbuition. 

Supersedes  2ASR47250-HO-101.  3ABR47330-HO-101A.  5  May  1972. 
OPR;    TWS  , 

DISTRIBUTION;    X  $ 
TWS  -  400;    TTVCC  -  1       '  ^ 
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ttATtlttm  Vml^t    A  Y%Xim  Which  a^tS  COl^IMMd  «ic  to  «B 


Alian—nti    Act  or  sCAt*  df  b«lB«  la  «  seraitfat  or  tnio  Un«. 

Alla£:    Mlxtttrt  of  Oro  oc  aor*  dlfforoac  wtAl«.    Most  commo  Mtala,  such  m 
iron  «n4  alualiiia.  can  b«  iiprbvod  In  physical  charact  arts  tics  by  alloying 
with  othar  astala. 

Aapirata  i  Brsatha. 

Ataoaphara;    (a)    Tha  blankat  of  air  surrounding  ^a  asrth.    (b)    A  unit  of 
praaaura  aquAl  to  14,7  lbs.  par  aquara  inch  at  aaa  laval,  and  laas  at  highar 
alavationa.  .  .  ^ 

Attrition;    Wearing  down  by  robbing  or  by  frijction;  abraion. 

Aada:  Tha  cantar  Una  of  a  rotating  part,  a  body  of  symBatrical  croas-sectlon, 
or  a  circular  bora. 


Bjbbitt:    Whita  natal  uaed  for  Unlng  baaring.    Consists  of  tln»  antimony, 
coppar»  and  othar  matala. 

Backlash;    Tha  loat  notion  batween  the  taeth  of  two  gears  before  actual 
driving  contact  begina 

S<ck  Praasure;  Pressure  in  an  exhauat  manifold.  It  la  a  disadvantage  for  an 
engine  to  axhauat  agalnsc  a  high  back  pressure. 

Bearing  Groove:    Channel  cut  in  bearing  surface  to  distribute  oil. 

Bevel  Gear;    Gear  having  teeth  cut  along  a  conical  surface. 

Blow-by ;    Cylinder  gases  escaping  past  pistons  Into  the  crankcase . 

Bottom  Dead  Cantar  (BDC) :    A  point  In  crankshaft  rotation  when  the  piston 
ia  at  Che  lower  end  of  ita  stroke. 

Brska  Horsapcwer;    Tha  uaaful  power  delivered  at  tha  main  engine  shaft. 
This  is  dona  by  naaauring  the  angina 'a  ability  to  turn  againat  the  resistance 
of  an  external  braka.    Brake  hotvapowar  equals  torque  in  foot-pounds  times 
silgine  ravolutiooa  par  ainuta  divided  by  5,252* 


Braka  Mean  Effactlva  Praaaura  (baap) t    Mean  affective  pressure  acting  on  the 
piston  which  would  result  In  tfa#  givwn  brake  hovsepower  output,  if  there  were 
no  iM»*M  due  to  friction  and  accaaaoViaa.    Equal  to  mean  indicated  preasure 
tiaea  aachanical  efficiency.  \ 

Britiah  Inperial  Gallon  (B.I.  Gallon);    Is  equal  to  277.3  cubic  inches. 


B 


bhp 


Torque  x  nm 
5,252 


Britiah  lh<i— 1  Unit  {l.T,0.)i  approslMU  dattoitlon:  lh«  Mmmc  ot  h«»t 
mquitttd  to  rAit«  1  Ib^  of  w«c«r  ooo  ^gzoo  F. 


B\ahing:  A  linttr  of  b««rlnt  MCorl«l«  laoortod  Into  «  holo  to  iMuro  «  good 
ifotrlng  turfaeo. 


Can:    Dovlce  for  producing^  cmtroUod  notion  of  any  choractorU tic  Iron  a 
shaft,  for~«xa^l«,  which  rotatao  at  a  unifora  apaad.    Moot  cqmoo  application 
in  diaaai  work  ia  for  oponlng  and  cloaing  valvaa  at  propar- point*  in  tha  angina 
cycla.    (Sea  canihaft.) 


Dwall;  Portion  of  «ha  caa  holding  tha  valva  atationaiy  in  boom  particular 
poaition  for  a  tiaa.- 

Can  Followar;    An  interaadlata  part  which  ia  hald  in  contact  with  tha  caa  and 
to  whidi  notion  ia  ii^artad  by  the  can.    Can  foUowars  are  sonatinaa  called 
val^m  lifters. 


Can  Nose:  Portion  of  the  can  holding  the  valve  in  iu  widest  open  position. 
Can  Roller;  One  type  of  follower  where  a  roller  makes  contact  with  the  can. 
Camshaft:    Shaft  on  which  cna  are  a  part  or  attached. 


Carbon  Dioxide:    A  colorleaa,  odor  leas  gaa  which  reaults  when  carbon  is 
turned  cooipletely.    Chemical  fomula;  CO^. 

Carbon  Monoxide:    A  colorleaa,  odorless,  polaonoua  gas  resulting  from  the 
incomplete  burning  of  carbon.    Chemical  fomula;  CO. 

Centri grade:  A  thf  nwneter  scale  upon  which  the  freezing  temperature  of  water 
is  0°.  and  boiling  temperature  of  water  at  atnoapheric  pressure  is  lOQO. 

Centrifugal:    Tending  to  travel  outwardly  fron  the  center  and  traveUng  in 

a  circle. 

Centrifugal  Blower;    Blowar  which,  by  neana  of  a  rapidly  rotating  ii^>eller. 
dlsplacea  air  or  gas  by  centrifugal  force. 

Centrifugal  Governor:    Governor  which  employe  varying  force  with  change  of 
apead  in  order  to  control  the  amount  of  fuel  supplied  to  the  co^ustion 
chanbers. 

Centrlfuaal  fmot    A  pump  ualng  the  centrifugal  force  produced  by  a  rapidly 
rotating  iavaller  to  diaplaoa  liquid. 

Catena  Valve!    An  indication  of  the  aelf-ignition  temperature  of  a  fuel. 
Circunfereoce:    Ihe  dlatance  around  a  circle;  hence,  circuit  arowd. 
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CoMitMlon  8   Prmm  la  ciM  efl^yttlm  cha^r  At  cht  Md  of  dk« 

coaptMtiott  •czote.  bjit  without  oaor  fuol  bolat  buraod. 

Coapr— ion  Utiot  Iho  raCie  of  total  ^«an  la  th«  cylindtr  whoa  tho  pliton  r 
la  at  B.D.C.  to  volw  tatelalag  when  pUtoa  U  «t  T.D.C. 

Coaow loB  KaloMO!  Usually  4  dtvlco  for  provwtlag  tho  latok*  volra  fm 
coopUtoly  clotlng,  thonby,  potodttlng  tho  •ntlao  to  bo  tumod  ovtr  without 

COBptMSiOa. 

CoaproMion  Ring;    Piston  zing  dosignod  to  rtduc*  gag  lookags  by  ths  piston 
to  a*  aiaima. 

Coaorossion  Strotes;    That  stroko  of  tho  opsrating  cyds  during  whl(^  air  Is 
cooprosssd  into  the  space  reaalnlng  ibove  the  piston. 

Connect  ins  Hod:  Hod  connecting  the  piston  with  tho  crankshaft  (also  referred 
to  as  a  con  rod).  The  con  rod  is  the  aeans  by  which  the  reciprocating  notion 
of  the  piston  is  changed  to  rotating  notion  at  the  crankshaft. 

Connecting  Hod  Bearing;    The  bearing  surface  for  the  end  of  the  rod  that  is 
conaocted  to  tho  crankshaft.    This  bearing,  due  to  physical  characteristics, 
is  usually  referred  to  as  an  Insert  or  shell. 

Cooling  Systen;    Conpletc  systen  for  circulating  water  through  the  engine 
jackets,  through  a  nedium  to  cool  water  (radiator),  and  returning  it  Co  the 
engine . 

Corrosion:    An  eating  or  gradual  wearing  away,  as  by  the  effect  of  chenical 
action.    Something  produced  by  corroding. 

Counteiwelght ;    A  weight  nounted  on  the  crenkshaft  opposite  each  crank  throw 
to  reduce  vibration  and  also  beering  loads  due  to  inertia  of  novlng  parts. 

Crank  case;    The  portion  of  the  engine  hotalng  endoelng  the  crenkshaft. 

Crankpln ;    That  part  of  a  crankshaft  to  which  the  connecting  rods  are  attached. 

Crankshaft :    A  rotating  shaft  which  receives  tho  pover  from  engine  pistons  * 
through  the  connecting  rods. 

  •         *  « 

Qwnk  thr^:         crankpln  with  its  two  webs.    The  distance  from  the  center  ' 
of  tha  crankshsft  to  tho  center  of  the  crankpln  is  'indicative  of  the  engine' 
atroka. 


Crank  Wab ;    Th^t  part  of  the  crankshaft  which  lies  between  the  crsnkpin  and 
the  main  bearing  «f  the  crankshaft. 

Critical  Compression  Ratio;  The  lowest  compression  ratio  at  whldi  any  part- 
icular fuel  will  ignite  by  compression  under  prsscrlbod  test  procedure,  the 
lower  the  critical  compression  rstlo,  the  better  ignition  qualities  of  the  fuel. 
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ih«£t  etrtlM-A  tonloMl  ^HJbmtUm 


tfM  MilM  at  OM  Of  Itt 


volvo  rodtor  lovor  to  oporato  both  voiM 


of  ir«l«H  to  oUor 


S^oooli.  wr.  «ul  o»h«»t»  hoiioo^vdi*  ton  four  otroko  cydo.   Mot  to 
STSTfyiS'wS  'kS^^     A  c^ao  do^  tiot  ooc^otilT  h«o  «fthln«  to  do 
with  rotitmt  ports. 

Cirlifldori    Tho  arcuUr  bir«  In  whldi  tho^ton 

Sptlng  («iinoo  mthout  cylinder  Unoro^Z-A  which  thlo  boto  U  ^dilaod; 
hooco.  tho  torn  cyllndor  block. 

Orlindor  tbm  pdtt  cloiihf  tho.ood  of  iho  cyllndor  and  cootolnlat  tho^ 

fyol  lAjoctoT,  in  toko  valvM^  «id  oaihouot  voIimo. 

Cylindor  Lfnon    Innor  port  of  tho  cyUndor;  o  ol^ovo  forming  tho  eyUndor 
boro,  which  mtcf  bo  inoortod  or  roMvod. 


Pood  C«t«ri    Eithor  of  tho  two  pooitlioof  whon  tho  cronk  «nd  connoctlng  rod 
ore  in  a  straight  Uno  at  tho  end  of  tha  atroko. 

Docolorotion:    Implying  tho  slowing  donn  of  a  apood.    Tho  opposita  of 
occeloration.    AJtoo  caUod  nogalivo  occaloration. 

Detonation;    Burning  of  a  portion  of  the  fuol  in  a  coJ»uation  Aai*er  at  a  rate 

iSfSr^  d^^d!    Coa«only  rooulta  in  audible  knocking  caused  by 

flSl  JrS^rea  oppoaing  the  upward  -ovomant  of  the  piston  on  the  co-pression 

atroko. 

Diephragm;  A  thin  dividing  nssbrane  or  partition. 

Diesel  to«ine:    An  internal  coi-»ustion  engine  having  a  ^IJ^^^^J'^^^^^J 
coSustiaS  dtaafcer  and  igniting  thia  fuel  solely  by  the  heat  of  coi^ression. 

Diseinate:    In  the  unit  material,  this  term  la  uaod  with  regards  to  the 
diapexsing  or  dispelling  of  heat. 

Dftillate:    The  Uq aid  (fuol  oil)  that  reaults  from  distillation. 

tofol:    A  metal  pin  ottached  to  one  object  which  when  inserted  into  s  hole  in 
Mother  object  Insures  proper  alignment. 

proo-forsint:  A  process  of  hooting  mstsl.  placing  It  In  •  <tt*-ff  SS^Sivr 
{fby  fSS^from  a  drop  hSHor  which  operatea  on  the  principle, of  a  pile  driver. 

Duralaiin;    An  alumln«  alloy  of  great  atimngth  and  Ughtnesa.    la  m«le  up  of 
alumlnuB  plut  copper,  magnesium,  snd  manganese. 


DynamoMter:    An  instmnc  for  WMuring  the  pmr  output  of  an  engine.  The 
p«fer  output  fflcy  be  oeetured  in  tent  of  torque  or  horsepflver . 

Eccentrly :  A  disc  whose  exLs  is  not  in  the  center  %rt»ich  reaulta  in  its  Aillty 
to  change  circular  motion  to  reciprocating  (up  and  dovn)  motion. 

Efficiency:    The  proportion  of  energy  going  into  an  engine  which  coma  out  In 
Che  desired  form,  or  the  proportion  of  the  ideal  which  is  realized. 

Elec:rode:    The  poles  or  terninals  of  a  battery.    The  positive  pole  Is  the 
cathode*  while  the  negative  pole  is  the  anode. 

Electrolysis ;    When  two  different  metals  ,  such  as  iron  and  copper  are  placed 
in  contact  with  eadi  other  and  inmersed  in  wster,  electric  currents  flow 
through  the  water  from  one  metal  to  the  other  in  exactly  the  sam  manner  m  in 
a  battery »  and  a  corrosive  sction  called  electrolysis  takes  place.  Although 
these  currents  are  very  weak,  over  a  period  of  %±nm  they  cause  localized 
corrosion  that  weakens,  pits,  and  sometimes  eats  completely  through  the  metal. 

-Electrolyte:    A  liquid  conducting  medium  such  as  the  acid-water  corf) i nation 
In  a  storage  battery. 

Elliptical;    Oval  or  oblong  figure  with  a  regular  curved  boundary. 

Enulfl  1  on :    A  combination  or  mixture  of  liquids  having  one  suspended  in  the 
other  and  not  soluble.    Such  a  mixture  is  usually  milky  or  thick  as  a  result 
of  mLnuce  globules  in  suspension  (water  in  oil)  . 

Engine  Piston  Displacement:    The  total  volume  the  pistons  of  an  engine 
displace  as  they  move  from  bottom  dead  center  to  top  dead  center.  The 
displacement  of  one  piston  can  be  found  by  figuring  the  area  of  the  bore 
ano  multiplying  by  the  stroke  (^d^  x  stroke  or  ^r^  x  stroke). 

4 

1^19  product  times  the  number  of  cylinders  gives  the  total  engine  displacement. 

Ejdiaust  Manifold:    The  exhaust  header  with  branches  leading  from  each  cylinder. 

E3(haust  Valvjg :  Valve,  located  in  the  head,  whidi,  when  opened,  permits  exhaust 
gas  to  flow  from  the  cylinder. 

F 

Fah r^itf^eit :    A  thermometer  scale  in  which  the  freezing  point  of  water  is 
-32<^  while  the  boiling  point  of  water  is  212^. 

Ferrule :    A  flared  or  thickened  ring  used  to  insure  a  tight  Joint  (tubing). 

Fillet:    Concave  molding  which  fills  in  the  sharp  comer  formed  by  two  parts 
lying  at  an  angle  to  each  other. 


Firing  Order;  The  order  in  which  the  cylinders,  beginning  with  No.  1  cylinder, 
deliver  their  power  strokes. 


yiMh  Point:    The  t«iptr*tuM  «t  vhldt  an  oil  vlU  fi^  1b£1m«*U 
vapon  dndor  protc^ibod  conditions* 

nywh««l:    D«vlc«  for  storing  •norgy  in  order  to  carry  piston  ovor  coi^rwion 


Foot-Pound;  A  imit  of  work.  Ihe  movat  of  wotk  expeodod  In  Ufting  a  weight 
of  one  pound  a  vertical  diatance  of  one  foot. 

Four-Stroke  Cycle t  Cycle  of  events  which  is  coa|>leted  in  four  atrokes  of  the 
piston,  or  two  crankshaft  revolutions. 

Fulcrtin:    The  support  for  a  lever. 

Full  Floetintt  Plfltpn  Pin;    Piston  pin  free  to  turn  in  the  piston  bosses  and 
die  connecting  rod  eye. 

Furol:  The  Saybolt  Furol  Vlacosiaster  is  used  to  test  fuel  and  road  oils. 
;;hii;  the  Saybolt  Universal  Viscosinster  is  used  to  test  lubricating  oils. 


Gallery :    Passageway  Inside  a  well  or  casting.    The  main  oil  gallery  within 
the  block  supplies  lubrication  to  ell  perta  of  the  engine. 

Gasket:    Layer  of  material  used  between  machined  surfaces  in  order  to  seal 
them  against  leakage. 

Gear  Pump:    Pvanp  using  the  spaces  between  Che  iwijacent  teeth  of  gears  for 
moving  liquid. 

Glow  Plug:    Heater  plug,  used  In  the  cold  starting  aid.  having  a  coll  of 
resistance  wire  heated  by  a  low  voltage  current,  to  ignite  fuel  sprayed 
into  Intake  manifold. 

Governor:    Device  used  In  the  FT  fuel  system  of  controlling  the  speed  of  the 
engine. 

Graphite;    An  iron-grey  colored  form  of  natural  carbon.    It  is  soft  and  is 
used  as  a  lubricant. 

Groannct ;    An  endless  ring. 

H 

Helix:    A  spiral  formed  on  a  circular  object  such  as  the  thread  on  a  screw. 

Hexagon;    A  figure  having  six  sides  and  six  corresponding  angles. 

HoBwRenous :  Having  identical  structure  throughout.  One  portion  of  a  siAstance 
having  the  same  chemical  make-up  as  another  portion  of  the  same  substance. 

Horsepower;    The  power  necessary  to  raise  33.000  pounds  one  foot  in  one  minute. 
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Contixmout  Howpowr:  Iht  hQn«pav«r  «n  engin«  is  capAble  of  Carrying 
At  th«  corresponding  stated  speed  for  continuous  full-load  operation  of 
■ore  than  24  hours  #  ^  

Intermit teyit  Horsepower:    The  power  an  engine  will  develop  at  the  stated 
spaed  and  with  good  operating  condltiooa.    Ihe  angina  laust  ba  capable  of 
carrying  this  load  for  periods  not  exceeding  30  minutes  if  imedlately 
followed  by  loads  not  exceeding  the  continuous  hozsepower  rating,  and  die 
latter  decreased  load  should  exist  for  at  least  two  times  the  period  of 
the  Inteimittent  load. 

Peak  Horsepower:    The  maximum  horsepower  whidi  the  engine  will  develop 

and  maintain  without  drop  in  speed  for  at  least  1  minute,- with  a  reason^ly 

clean  "exhaust  when  the  engine  is  in  proper  adjustment.. 

Horsepower-Hour :    Unit  of  energ:^  equivalent  to  that  expended  in  one  horsepower 
applied  for  one  Hour.    Pqual  to  2545  B.T.U.  (approximately). 

Hydraulic:    The  use  of  liquids  as  a  iDeans  of  operation. 

Hydrocarfeon:    A  coispound  of  hydrogen  and  carbon.    Examples:  benzines, 
paraffins,  acetylenes,  etc* 

I 

Ignition  Time  Lag:    Time  between  start  of  injection  and  ignition. 
Impeller:    The  blade  or  disc  in  a  centrifugal  pump. 
Impinging:    To  physically  strike  or  dash. 

Impregiated:    Saturated  or  permeated  with  another  substance* 

Indicated  Horsepower:    The  actual  power  produced  within  the  cylinder  of  an 
engine  without  taking  Into'account  any  frictlonal  loss. 

Inertia:    Matter  that  remains  at  rest  or  at  uniform  motion  unless  some  outside 
force  changes  that  state. 

Injection  System:    Apparati»  for  delivering  the  correct  quantity  of  fuel  to  the 
combustion  chamber  at  the  correct  time  and  in  the  condition  for  efficient 
burning. 

Injector:    Device  for  introducing  fuel  into  the  conbustion  chanfcer.    In  the 
PT  fuel  system  it  meters  and  injects  fuel. 

Injector  Cup:    Part  containing  several  orifices  through  which  fuel  Is  Injected 
into  the  combustion  dianber. 

Intake  Valve:    Valve  which  admits  fresh  air  to  the  confcustlon  chamber  of  the 
engine • 

Internal  Con^ustion  Fnglne:    Heat  engine  using  thi^  products  of  confcustlon  to 
produce  power  within  the  engine* 


Journal t    The  portion  of  «  ihaft,  crank,  ate,  which  turw  in  a  baarlng. 

'  K 


li^^tic  C^tTttotos  t    An  iititti«ta  aithotf  of  «M««vtfit  th« 

an  oil.  (  ' 

Kinetic  EncrRy:    The  stored  energy  of  a  moving  body  m  developed  through  ita 


Knurl:    A  series  of  ridges  mlUed  on  the  outer  circi«fer«nce  of  a  piston  or 


nut. 


Lobe:    The  projecting  part,  such  «s  the  cawhaft  lobe. 

Lvi>rl cation:    The  interpoaltion  of  a  low  friction  fll«  between  bearing  surfaces. 

M 

Hain  Bearing:    A  bearing  supporting  the  crankshaft. 

Malleable:  The  quality  of  being  easily  hanmiered  or  rolled  out  without  breaking, 
Manometer:    An  instrument  for  measuring  the  elsstic  pressure  of  gsses. 

Mean:    Similar  in  mBaning-  to  "avarage".    To  Illustrate  the  difference  be  ween 
^Wi'*  and  "average",  suppose  an  engine  is  called  upon  to  ^^Uver  100  bhp  for 
only  one  minute,  after  which  it  delivers  50  bhp  for  59  minutes.  «y«"8« 
bhp  is  half  way  between  the  mlnimuiii  power,  or  75  bhp.    The  mean  bhp  takes 
into  consideration  the  time  each  pewer  was  deUvered: 

1  X  100  -  100 
59  X  50  -  2950 

/3050  -  60  -  50.8  bhp 

Mean  Effective  Pressure:    The  average  useful  pressure  during  four  strokes 
of  a  four-cycle  engine  piston. 

Molecule:    the  smallest  part  of  a  substance  that  can  exist  separately. 
Muffler:    Device  for  reducing  noise  of  the  exhaust. 
Muriatic  Add:    Hydrochloric  acid. 

M 


Neck:  That  portion  which  is  turned  down  to  a  smaUer  dla^ter  than  the  main 
shaft  of  which  It  Is  part. 

Neoprene :    A  synthetic  rubber  that  is  not  affected  by  various  chemicals 
harmful  to  natural  nd)ber. 
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An  4m^4^mm4M^  A#  iifcA   mm^4^mskA  mm0tiK^m^4mm   nf  Hinllna  tHta   

rating  i»uaXly  coincldiis  with  th«  ^^^q^- i^^j^  l<i_^  ^^^^^ 
gMolln*. 

Odo— f  r;    An  Inseruasnc  which  wh«n  actachttd  to  a  wheel  of  e  vehicle,  aeosures 
tdtie  dlstenee  traveled. 

OhflMter:    An  imtruaent  used  to  aeasure  the  nuaber  of  ahns  resistance  in  a 
circuit . 

Oil  Control  Ring;    PI* ton  ring  designed  to  keep  excess  oil  off  the  cylinder 
walls . 

Oil  Cooler:    A  heat  exchanger  for  lowering  the  temperature  of  oil. 

Oil  Filter:    Filter  Intended  to  remove  impurities  from  oil. 

Qeclllating  Itotion;    To  move  back  and  forth  aa  the  swinging  of  a  pendulum. 

Otto  Cycle:    The  four  stroke  cycle  coimnonly  used  In  internal  combustion  engines. 

Overapeed  Governor:    A  governor  shutting  off  the  fuel  or  stopping  the  engine 
only  when  excessive  speed  is  reached. 

Oxalic  Acid:  A  white  crystalline  compound  used  in  solution  with  otiher  compounds 
as  a  cleaner  to  remove  heavy  mineral  deposits  In  an  engine. 

P 

Pwl:    A  hinged  piece  made  to  engage  with  ratchet  teeth  to  prevent  revets-^ 
motion.  / 

Peen:    To  niishroom  or  spread  the  end  of  a  pin  or  rivet. 

Penetrometer:    An  Instrument  used  to  aeasure  the  consistency  of  greases. 

Piston  Crown;    Top  of  the  piston. 

Piston  Pin:    The  cross  pin  whidi  links  the  piston  to  the  connecting  rod. 

Pis  ton  Skirt:    That  part  of  the  piston  below  the  piston  pin  hole. 

Pltdi  Diameter:    (Gear)    is  equal  to  3«1416  divided  by  the  pitch  circle.  The 
pltdi  circle  is  the  circumference  measured  along  the  pltdi  points  (one-half 
the  working  depth  of  each  ^ooth).  ^ 

Pdppet  Valve:    A  valve  having  a  mushroom  shaped  t^^. 

Pour  Point:    The  lowest  temperature  at  whidi  an  oil  will  flow. 

Projected  Area  (Main  Bearing) ;    That  part  of  the  bearing  which  comes  In 
actual  contact  with  the  shaft  Journal. 
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Pu,h  Rod:    Rod  uMd  for  tr«*«ittlng  c«  «otlon  to  .  vUv.  or  Inj.ctor. 
pyyfl^tor:   A  t«ttM  »««d  to  ^ry  high  t-ptrsturw  accurately  ♦ 

R 

Radiator:    A  heat  exchanger  In  which  cooUng  water  givM  up  heat  to  the 
air  without  coming  into  direct  contact  with  it. 

Rebore:    Bore  out  a  cylinder  s light ly^argar  than  original  site. 

Rheoetat:    An  instni»ent  which  penita  manually  varying  the  a«>unt  of  electric 
current . 

Ring  Groove:    Groove  machined  in  piaton  to  receive  piston  ring. 

Roots  Blower:    An  air  pump  or  blower  similar  in  principle  to  a  gear  type 
pump  (superdiarger) . 

'  s 

<;a«K«ir  vi^cnsicv-    The  number  of  seconds  necessary  /or  60  milliliters  of 
l?;jd  to  p«1  5;;ough  the  outlet  tube  of  .  S^bolt,  Vi.co.l«ter  under 

Standard  test  condition's. 

Scavenging:    The  displacement  of  exhaust  gas  from  the  conbustion  chanter  by 
fresh  air. 

Serrated:    Notched  or  having  teeth  like  a  saw. 

Solenoid:    A  coil  of  wire  usually  wound  in  the  form  of  a  helix  used  in 
conjunction  with  an  electro-magnet. 

-  c  .o•.f^r  Gravity  •    The  ratio  of  the  weight  of  a  body  or  siiistance  to  that  of  an 
2ual  tol^e  of'a  J^n  or  standard  s^stance.    When  me  a.  uring  liquids  water 
2  *e  st^dard  for  measure.    When  measuring  g-ases  .  air  or  hydrogen  is  the 
standard  use. 

Soeed  Droop:    The  percentage  of  speed  reduction  which  occurs  when  tl.e  load  on 
an  engine  U  changed  from  zero  to  full  load. 

Spherical:    In  the  shape  of  a  sphere  or  ball. 

Splined  Shaft:  A  grooved  shaft  which  will  allow  movement  with  a  mating  splined 
surface  which  it  is  engaged  with  while  rotating. 


) 

Sour  Ceer:    C«  h«lag  teeth  cut  on  outer  elrcu-fetence.  p.rUlel  with  tfte 

axis.         ^    '  '  A 

Stellite:  '  An  alloy  of  cobalt,  difoiium,  and  tungsten  and  contains  no  iron. 
Stress:    The  cohesive  force  within  a  material  to  resist  strain  or  deformation. 
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Stycboacop*:    Aa  InttnaMt  which,  with  th«  aid  of  a  bsoi  of  U^t,  c«n  ondbXc 
g.:^^:f;^-:y;y«Mft:  q  A^p^t  y  a  gai^4ay  f>i»l¥lat  ho#^        ligtt  H<»  u  

pare  ottas  Co  acand  ttiU  (synchronizod) . 

^ 

Stfpi    A  nceptado  into  which  liquid  drains ,  such  m  the  portion  of  die 
aagiaa  craakcaae  which  carries  the  lubricating  oil. 

Superdiarger:    An  air  blower  used  to  fill  engine  cylindexs  at  a  higher 
prMSure  than  acnospheric. 

Swept  Vol  una:    the  volume  Aove  the  piston  after  It  has  reached  the  top 
of  Its  stroke. 

Syetrical:    Equally  balanced  or  evenly  proportioned. 

T 

Tachometer:    An  Indicator  which  shows  the  speed  of  rotation. 
Tcrplate :    A  pattern. 

Tensile;     The  reai3ti*nce  of  a  material  to  be  pulled  apart  in  the  direction 
of  its  grain. 

Throttling:    Reatrlctlng  the  flow  of  a  liquid*  usually  by  cutting  doim  the 
free  area  of  passage. 

Thrust  Bearing:    A  bearing  \rtilch  restrains  .end-«lse  motion  of  a  turning  shaft, 
or  withstands  axial  loads  Instead  of  radial  loads  as  does  a  comon  bearing 
such  as  the  connecting  rod  bearing. 

Tljning  Gear:    The  gear  by  which  the  camshaft  is  driven  from  the  crankshaft  • 

Tocco  Hafd^>nlng:    A  process  of  hardening  steel  parts  by  first  electrically 
heating  and  then  quenching  in  water « 

Torque ;  The  turning  effort  applied  to  a  shaft.  Measured  in  foot-pounds 
(t^e  distance  out  from  the  centeraxls  In  feet  times  the  number  of  pounds 
of  twisting  effort) • 

Tungsten;    A  heavy  metallic  element  of  steel  grey  color. 

Turfaocharger:    Centrifugal  air  pimp  or  blower  driven  by  exhaust  gas  turbine. 
It  fills  engine  cylinders  with  fresh  air  at  a  hl^er  pressure  than  atmospheric, 

Turtulence;    A  state  of  being  in  violent  motion  and  agitation. 

V 

VaGman:    Absence  of  pressure.    Pressure  less  than  atmospheric. 

Valve* In-Head:    Valves  seating  in  cylinder  head  and  opening  downward  into 
combustion  chamber. 

Velocity ;    Rate  of  motion.  Q  t 
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Vi*co»ity  Iad«x;    An  axblcraxy  auA«r  Which,  wh«a  «ppli.«d  to  «  lubricating 
ollt  indlcAtM  thm  rato  at  «riiidi  ita  viacoalty  diangaa  with  Inczaaaad  or 
dacraaaad  taBparatura. 

;  j; .  "  _    _L  *_  ^1    _      1  i_  _  _  _ 

VoXiaatrlc  Effidancyi    Iha  ratio  of  tha  wal^t  of  air  actually  found  in 
a  qrlindar  whan  oparating  m  coaparad  to  tha  valght  of  air  whidi  would  ba 
found  In  tha  saaa  volum  wdar  atatic  conditioiv  undar  noraal  ataoapharlc 
praMure. 

w 

Wet  Llnar:    A  liner  which  cornea  in  direct  contact  with  cooling  water. 
Work:    A  form  of  energy.    Product  of  force  tinea  distance. 
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TralBliV  PiMieitiONa  ar*  dtattPtdtor  ATC  eftirM  nit  orty.  llMy  m 


OBJKTIVBS 

Upon  coupXttlcMi  of  thlt  profraa  you  vlll  b«  ablo  to: 

Ll«t  th«  ehtM  sCAp*  in  tho  proe«4ur«  for  roportlng  flrts. 
Ltoc  tho  throo  oloaoiics  that  Biat  bo  prooont  to  produco  *  flro. 
List  tbo  throo  ftnoral  dooaos  of  firoo. 

Llot  tho  typo  of  fuoX  that  aupporta  oach  of  tha  thraa  claaaoa  of 

List  tha  typa  of  axtlngulahar  to  uaa  for  dlffarant  claasaa  of  firaa 
Liat  tha  aathoda  of  conbatlng  tha  diffaranl  claaaaa  of  flraa. 


VALIDATION 

Thla  i>rograaMd  caxt  waa  davalopad  for  uaa  In  3ABR47330,  Autoaotlva 
Rapalnan's  couraa.    Of  100  atudanta  frott  thla  couraa  who  vara  uaad  in  tha 
validation  axarciaa,  94-achiavad  tha  objactivaa  aa  atatad.    Thla  prograoKad 
taxt  haa  baan  uaad  to  train  aore  than  20,000  atudanta  In  tha  3Xt  42 »  44,  and 
47  caraar  field. 


INSTRUCTIONS 

Thl'i  progm  prasanta  Infomatlon  in  aaall  atapa.    Bach  paga  or  "fraaa" 
contalna  an  Inforaatlon  panal  aod/er  quaationa  partalnlng  to  information 
contalnad  in  tha  laat  InfonMClon  paaal.    Raad  tha  inforaation  praaan^ad  within 
tha  aolld-llna  box  than  aalact  tha  corract  atataaant  In  raaponaa  to  the 
quaationa  aakad  in  tha  quaation-aark  outlined  box.    lUad  tha  quaationing 
atataaant  and  than  aaka  your  raaponaa  after  the  appropriate  queation  n\^er 
on  the  answer  sheet  provided.    MAU  NO  MOXS  IN  THIS  PROGRAM.    The  aaall 
atap  alza  of  the  information  penal  makaa  aalacrlon  of  the  correct  reeponaa 
an  eaay  matter,  and  in  moat  caaea  you  von*t  have  to  be  told  the  correct 
reaponaa.    However,  the  laat  paga  of  thla  program  contalna  a  collate  list 
of  the  correct  reaponaa  lattera  liatad  by  queation  nu^era.    Peal  free  to 
conault  thla  llat  at  any  time  you  are  in  doubt  aa  to  the  correctneaa  of  any 
of  your  raaponaa  choicaa. 


DO  NOT  MARX  IN  THIS  PROGRAM 
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m  of  fliMt 

CUw  At 

OlAM  By  Md  03am  0.  ] 

iMh  of  tteM 

LflM  ■nnii'iMin  to  tte 

rp*  of  fM. 

li  ttai  tin. 

QuoatioB  7« 


«•  Tfaoxo  00  fOar  graorol  ttlinot  of 
ftroo. 


??7?t??7??T77ltt??t?ttttt 

7      Wldilll  of  ttaMO  OtotMOto  U  OOROOtt 

7 

b«  Thi  oIam  of  flrt  U  Mondakl  tgr 
7  ttao  tprltlon  taaporotm  of  tte 

7  / 

^       o«   Tho  olwoo  of  flxoa  m  oad  C, 
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Ohm  ▲  turn  ooMivl  of  Am3«  wMhM  «rMh» 
voodf  vt^t  PAPV  or  tlidte  ■Hwtola* 



a. 

ttftttttTtttTtTttttttftttt 

T  WU0b  Of  tfaM  itrt— »i  U  ooraoott  T 
f  «•  IMU«  i—tipniir  1«  •  03m  a  fixo*  ? 
t  b.  Iinnliv  fMoUao  li  o  OImo  A  flvo.  t 
t  o«  lonilai  polot  !■  a  OIm  A  flto*  ? 
TttttttttftfTttttTtttttt?? 


Truhf  voody  tad  pap»r  (C3«m  ▲)  flx^  oaa 
•iftativ*!/  Mf •Ix  «tt±DfDd«M  tor  (pwiMwc 
or  oeoliaf  vlth  mtv  cr  »olBtlc—  ~**^*^*g 


?t?T7?T???tt7??tt7?TT77t 

vniioh  of  ITvM  ftatamta  is  oon«ot7 

«•  V«t«r  tolubioBS  McUa^siffb  IIvm 
eatUag  off  Urn  fml  wapfi^m 

b.  Water  la  a  aultabla  aattlmniiMiig 
acast  for  uaa  on  Claaa  A  flm« 

o«  Vatar  axtlacoiatea  Claaa  A  flraa  \cr 
•liBlBBtlnc  tba  air  loppSdr  to  tlai, 

77777777777777  7  777777777 
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Ttan  m 
mtUj  to 
teloir  tfai 


of  ofwhotim  CloM  k  flMo  l4  pi;!- 
—  Hm  toMpi'otuPO  of  tte  fiMl  ^ 
poijife*  A&  OTWipIo  of  thi0  la 


Question  10« 


t    Which  of  thioo  etitwuti  1b  oomot? 


7 
7 

7 
7 


«•   Clam  A  flzoa  aro  aoai  affaetii>«37 
•ztlAfodahad  tgr  oobUag* 

b«   A  bunilag  alMttft  la  a  Claaa  A 
fl». 

e,  Vatar  wllL  f praad  a  Claaa  A  firs. 


? 
? 
? 
? 
? 


7777777777?  7  7  7?????7???7? 


20. 


?7T????7T7tTTttttT?T?T??t? 


t 

Vldoh  of  ttaM 

MhbbIs  Is  oanwtt  t 

t 

«•  OooUag  a  i 

Eln  vUl  asfc  •OBUsviUb' It*  t 

t 

Hill  act  « 

r  tte  air  fopplj  to  •  ? 

EliBcnlflli  It* 

t 

0.   CImb  a  fl] 

EM  ooMlat  of  bnaist 

t 

t???t?7?7??t7??tttTttTttT 

ClM«  B  flM  m  thorn  tint 
Mbit  ll>|ttidl  fLvos* 


OQMlat  of 


Qoootion  12«  y 

7777777777777777777777777 


7    Wtaieh  of  tteM 


la  oenpoot7 


7       a*  A  foTMri  f IM  la  a  Olaat  B  f lx«« 

b.  Buniat  tariah  oJ  rtga  az«  CXaat  B 
fliaa. 


o«  BcoBlai  palAt^  taroaaaoy  or  laaoiana 
ooaatltott  03aaa  B  flx«t« 
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r^»l»  sol^wty  tad  oil  tinm  (CIam  B)  m 
te«t  «Eftii«Bljfaid     MvtMBc  with  aflMt* 


?    WhLeh  of  ttmm  stetMHtbc  is  ocn«ot? 

t         «•    FMB  MWDt  «StlBittilh  pAiot  ad 

t  afMt  for  QM  CA  CIam  B  flrM. 

t       o«   F«B  i«UaflBi«bM  fliM  ^  eutting 
off  tte  ftel  sap^* 


77???T?777t?T?  7777777777 


Tte  Mtbod  of  ocwbitlag  OIm  B 
Am  •oBHipl*  of  tldj  iM  spnylxic  foa 


flxM  Is  prl- 


QftMtiOB  111*  V 


7 
7 
7 
7 
7 
7 


Wfaloh  of  umm  wtm 


«•  Foot  eofvrs  tte  top  of  teniae 
Uqfoid  sad  eote  off  tte  air  to 
tte  tiim. 

b«  A  teadag  teoM  is  •  CIsm  B  flvt* 

o.  Wotor  vUl  float  on  CUmw  B  flM 
aad  oatlngnloh  thM. 


7 
7 
7 
7 
7 
7 
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1 f 1 1 1  f  f  f  1 1 1 1 1 1 1 1  r  1 1 1 1  f t  f 


fin  illl  M  aMacilab  it. 
^       b.  OlMi  B  flM  o—Ui  of  bomlac 


?      e«  OlMi  B  flM  B—lit  of  biondag 


QoMtion  16« 

7    Whish  of  ttaioo  ttitt—nt  t  ia  ocR«et7  7 

7       A*   Bonliv  fMoUao  U  a  C1m«  C  flM.  7 

t       b«  ▲  bozBli^  olMtrlool  Botflr  is  a  7 

OllM  0  flVt. 

7  ^ 
••  Bond,^  «oed  la  •  dMt  C  fir** 

t  ^ 
77  7  777777777777  7777777777 
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17. 


TT?Tttt?tt7tT?ttTtTT??t 
VMoh  of  tteM  gtitinita  ij  oovrMtT 

a«  WkWt  Is  •  maltMm  osfei^nlaldM 
AflH*      Ohm  0  ilM, 

b.  CB  will  'M^  Motlar  «  CUm  C  fiz«» 

MH^  llM  bMOM  It  dOM  Bdi 


777777777?r??7??r7T7?77 
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3B. 


tTtTTttTTTttTtttt  ?ttTttT 
t    WMoh  of  thM  •UtMBta  Ij  oontot? 


7       a«  C3am  0  flTM  mm  te«t  —etelmnlahkl 
1V  ooMlflt  off       air  to 


b,  VatmrvlU 


7 
T 


•  CUm  C  fir* 
with 


7?ttt?T?7?7??tt?T??77777? 


(ft 


TttTtftttttttftttfftftt 

t 
t 
t 
t 

tltTtTTtTTTttTTTttttttt 


•  0  iiii  B  ttam.  {m  m 


10« 


TtttttTtttttttttttttTttttt 
t    VMoli  of  tl»M  ■111— ti  im  oenmt?  t 


T 
7 
t 

f  o«  Both  V  ad  V  •bam  »  eomot.  7 
TtttttTfttttttttttTtttt??? 


t      lu  Oi  w  to  M»d  OB  «  ill  or  pai 

bi»  CB  •toa&A  to  w«A  to  Mrtti^lth 
t  eiM  AflM* 


i;:«:a>:^i.;:=s:rv. 


(0(^)  u 

11d«  AfHt  1«  «n  lant  «m  tiMt 
mriwiiniit  tte  fUto,   It  U  alflo  a 


7T?tt??T7Ttt?t?T?ttT?TT 


CftSlMI  dl4Bd/dl9  >hflWl<l  te  QMd  0B 

b*  OutOB  dioldi  md  CB  Art  iltthla 
aast*  to  uM  OB  GIam  B  flxoc. 


«b3»  ioeUJiiBlsMakC  «c*Bt  to 

0  fSMf. 
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1 ft t f 1 1 1 t t 1 1 ft 1 1 1 1 ft t t  1 1 1  t  t 
f     nm  humm  of  tfUafldaUac  r«coMtod«d  ? 
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??TTTtt?'tT?ttTf?tt?t????t?7 
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f    Tte  torpMjf  OTMwgilrtrtu 
for      OB  OliM  B  tlxm  m 

OB* 


rccoBMnded  7 
? 

T  t 
TTTtttttttTtttT??T^Ttt?T7?? 


2k. 


TttTTTttTttTTttt??? ???????? 

I  III  7 

f  7 

'       ootai  dioad4i  tad  0B« 
7  7 
e*  torn  nd  OB* 
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t    Tte  tgrpM  Of  •KtlafBlAldai 
for  oM  OS  C3aM  0  flrct  ao* 


6^? 


20* 


To 


to  tte  poirt  of  thi  flro  «tim  tte 
viporo  alz  vlth  air  «id  ipdte*  Thl«  i« 
surf  MO  of  ths  ftMl  vtaro  ifai 


QOMtlOB  25* 


WMoh  of  tfaooo  vUtoMBto  la  oomet? 

a.    Bctiacoiofalac  Ofnto  «ro  am  affoo- 
ti^  if  appaiod  abof*  tte  fXaMa* 

Ton  alMild  dlTMt  water  to  tto  basa 
cf  a  daaa  0  f  12«« 

o.   To  ba  mo9t  affaotifa,  azUacnialdac  ~. 
atante  ahooXi  ba  divaotad  at  tfaa 
baaa  of  a  fira« 
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to  «te  tiam  if 


ttftfttttTtTTtTttttttTttt 

t    With  ar  tkM*  lUli— %m  «mMtf 

t 
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t 
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la  tte  azM  of  tla  fix*. 


ttTttTtttfttttfTTttttttt 
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This  programmed  texC  was  validated  oa  students  enrolled  in  the  3ABR47330 
Course  in  1964.    It  has  proved  to  be  successful  since  that  time. 

OBJECTIVES 

After  completing  this  programmed  text  you  will  be  able  to  select  from  a 
list  of  shop  safety  precautions  those  that  pertain  to  the  following  items 
with  lOOZ  accuracy. 

1.  Fire 

T 

2.  Welding  and  body  shop 

3.  Battery  shop 

4.  Improper  tool  usage  and  storage 

5.  Lifting  and  hoisting 

6 .  Good  housekeeping 

7.  Electrical  equipment 
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1. 


The  ptraonxwl  1a  a  shop  ar«  con- 
tinually azposad  tc  ni»roas  hazards*    Sona  actlvi- 
ilea  ara  axtronaly  hasardooa;  othara  which  ara  apn- 
hazaxMlous  can  bacona  hazardotts  daa  to  car^asanass^ 
ovtrconfldence,  ate.    InaKparlancad  paraonnal  can 
aomatimaa  craata  hazardous  sitaatlcoa.    Bazarda  are 
preaaat  during  all  nonul  activitiss,  but  thair  ax- 
istance  doesn't  mean  that  an  aceidant  must  occur. 
Our  job  is  to  prevent  accidents,  even  under  hazardous 
situations. 


OaESTION  1. 


??????????????????7?7???7??? 


?     Which  of  the  statements  below  is  moat  true? 


? 

•? 

? 


a.  Personnel  are  subject  to  hazards  in  the 
maintenance  shop  only  idien  they  become 
careless. 

b.  Personnel  are  subject  to  hazards  in  a 
maintenance  shop  during  all  nonnal  activ 
ities. 


? 

? 

9 


???????????????????????????? 


2. 


Inafficiency,  personal  injury,  and  property  dam- 
age are  the  reaulta  of  acddenta  in  the  nalnte- 
nance  shop.    In  order  to  reduce  this  vaste  of  time 
and  money,  prescribed  safety  standards  mvist  be  ob- 
served by  all  personnel  at  all  times. 


QQESTICJN  2. 


?7??????????????7??7???????? 


?     To  promote  efficiency  and  reduce  the  possibili- 
ties of  personal  injury  and  property  damage,  all 
?  personnel  must 


? 
7 
7 
? 


a.  prevent  accidents  in  the  maintenanc^e 
shop. 

b.  reduce  waste  in  time  and  money. 

c.  observe  prescribed  safety  standards. 


? 
? 

• 

? 
? 


???????????????????????  7  777? 


SoM  optrttioBs  ina  aiiat«nMie«  shop  sr* 
hasardoaa  to  otter  opormtiW  idttiin  tho  shop.  For 
lAstmeo,  op«i  .noldiaic  eoald  ooiOM  Mvoro  9fm  bum 
to  porsonnol  ufao  look  mt  tho  wsldliic  arc.   Or,  m 
«xplo8ioa  eoold  occur  If  aa  acotjlono  torch  ia  usod 
uhsre  fual  vapors  or  paint  fuMa  art^proaant.  For 
ttala  raason  painting,  valdliaCf  an^  battary  work  will 
be  acco^lishad  in  aaparata  parta  of  tha  shop  that 
are  isolated  f rm  each  other. 


TIONS    3  through 


?7??777?7???7?7????7???7???? 

3.    Painting,  welding,  and  battery  work  are  i8ola-7 
ted  from  each  other  in  order  to 

7 

a.    Prevent  one  opermticn  from  being  hazard- 
ous to  another.  ? 


7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 


b.    ellAinate  the  haaarda  Involved  in  each  7 
operation. 

7 

U.    To  prevent  one  operation  froai  being  hazardous 
to  another  the  painting,  welding,  and  battery  7 
work  will  be  performed  in 

7 
7 
7 
7 
7 
7 


a.  the  sane  shop. 

b.  separate  parts  of  the  shop. 

^.    The  painting,  welding,  and  battery  shops 
should  be 

a.  kept  close  together  to  minimize  equip- 
nent  duplication. 

b.  isolated' from  each  other. 


???7?7??777?7???77?7?77?777  7 
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./'  


A  oAjor  hazard  in  th«  mAlntenance  shop  is  the 
possibility  of  firs  das  to  ths  eonsts&t  siposors  of 
flansbls  fUsls,  lubrioantSy  and  othsr  coBpouads. 
Also,  parts,  tools,  work  bsnshss,  and  floors  often 
bscam  sataratsd  vith  thsss  flsBsiabls  natsrlals. 
Sactms  ears  mast  bs  tsksn  at  sU  times  to  present 
shop  fires  fron  occurring  under  the  conditions  vfaich 
aluays  exist  in  any  shop. 


T 


qPESTIOH  6. 

???????????????  ?????????? 


? 

? 

7 

? 

? 
t 


To  prevent  fires  in  the  shop  we  see  to  it  that 


a.  no  flajnmable  materials  are  e3qx>eed  in  the 
«hop  area.  ^ 

b.  Parts,  tools,  work  benches,  floors 
don't  become  saturated  vdth  flamnable 
materials . 

c.  extreme  care  Is  exercised  at  all  times. 


7 
7 
? 
7 


77?????????7?????7????7????? 
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Q  ' 


Son*  pi^aexlbtd  safety  itaiidArda  lAileh  nust  b« 
obaarrad  for  tb*  prvvmtlaii  of  shop  fires  aret 

a.  Oolj  sqplosloa*proof  ^oetrlesl  oqtiipMnt 
and  fixtoras  nUX  be  usad  in  tbs  paint  shop.' 

b.  Usa  of  flana-prodacinii  aquipMot  will  not 
ba  pandttad  in  the  ahop  aoeeapt  in  speci- 
fied areas,  such  as  the  voiding  shop,  idiere 
the  required  safetx  controls  exist. 

c.  Seokiiic  will  be  pexwittad  in  designated 
seoklag  areas  00I7. 


QPESTIONS    7  through  9. 

????????????7??????7??7???7,? 

9 


Electrical  equipnezit  and  fixtures  in  the 
paint  shop  must  be  flaaa -producing. 

a.  THJE 

b.  FALSE 


7     Indicate  idiathar  the  following  atatamanta  are 
TiaJE    or  FALSE. 

7 
7 
7 

V 

7 
7 

7 
7 
7 
7 

7 


7 

7 


3.    Thu  use  of  flana-produciz>g  aqulpnsnt  is  par- 
mittad  only  in  ireas  where  the  required  ? 
safety  controls  exist. 

7 
7 

Smoking  is  not  allowed  except  in  designated 
smoking  areas.  ^ 


a.  TRUE 

b.  FALSE 


9. 


a.  TRUE 

b.  FAI^E 


7 

•7 


?77??777?7??777?7???7?77777? 


9, 


6, 
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If  a  fire  should  occur  in  your  shop,  b«  sure  that 
a  valid  alarm  is  turned  in.    A  valid  alan  is  one 
which  tells  responsible  people,  equipped  to  fight 
fires,  the  location  of  the  fire  and  the  name  df  the 
person  turning  in  the  alarm.    Don't  fail  to  turn  in 
an  alam  because  you  think  the  fire  is  too  small. 
After  the  alam  has  be«i  turned  in,  use  your  best 
judgement  to  decide  on  whether  to  clear  the  building 
or  attanpt  to  extinguish  the  fire. 


OaESTION  10. 


???????????????????????????? 

?     In  case  of  fire  in  the  shop,  you  should  ? 

?        a.    clear  the  building  of  as  much  equipment  as  ? 
possible. 

?  ? 

b.    yell  "FIRE"  and  make  sure  that  everyone  is 
?  out.  ? 

7        c.    turn  in  an  alarm.  ? 

????????  ??77??????????7????? 
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7. 


Th»  iJiportane*  of  fir*  •xtiaguiahtrs  btlnc  k«pt^ 
in  good  woridng  order  and  bting  con^wilantly  located 
throu^iout  the  nelntenance  ahop  cezmot  be  over- 
etreteed.   Their  loeetlon  nill  be  clearly  m«rked  and 
kept  free  of  obetroctions  at  all  tlmee.   Iher  waat 
be  placed  where  they  eaa  be  easily  reached  bat  where 
they  eaanot  be  aceid«itally  tuiped  by  personnel  or 
equipment. 


QUESTIONS    11  and  12. 

???????????????????????????? 


? 
? 
? 

? 
? 

7 

7 
? 


11.  Where  Ml  fire  extincuishers  be  located?  ? 

a.  Anywhere  handy.  ^ 

b.  Away  from  porsoonal  and  equipment. 

? 

c.  Where  they  can  be  easily  reached  but 
not  in  the  way  of  persconel  and/or  ^ 
equipment. 

12.  How  will  fire  extinguisher  locations  be  kept?' 

a.    No  special  way  as  long  as  they  can  ba  ? 
seen. 


b.  Clearly  marked  and  free  of  obstruc- 
tions. 

c.  Clean  and  free  of  grease  and  oil. 


« 

? 


???????????????????????????? 


p., 


Nov,  «•  Art  going  to       how  aoeh  you  baET«  Isamod  to  far  about 
Shop  Safety.    Indicata  uhathar  aach  of  tha  10  foUdwing  stataaAts  (on 
this  and  tba  naott  paga)  are  aithar  TROE  or  FALSE. 

???????7??7t7?7?????7??????? 

^    13.   the  nomal  aotl^ltlsa  of  a  repair  shop  « 

preaant  numaraua  hazards  to  malntanenra 
f  personnal. 

^  a.  TUTS 

b.  FAI^ 

lit.   Preaorlbed  aafatj  atandarda  mat  be  obaarvad 
?  by  till  peraocaal  in  order  to  pronota  effic-  7 

ianey  and  reduce  the  poaaibility  o'f  personal 
7  Injury  and  property  dwaga.  7 

*  a.  THUE 

b.  FALSE 

15.  Painting,  elding,  and  battery  work  Is  accon- 
?           pllahed  in  separate  parts  of  the  shop  to  pre-? 

vent  one  operation  frcn  being  hazardous  to 
7  another.  7 

7  a.    tnJE  ^ 

b.  FALSE 

16.  Fire  hasards  exiat  in  a.  shop  due  to  the 
exposure  of  flwaable  naterials  and  tne  sat-  ? 
uration  of  parts,  tools,  work  benches,  and 

?  floors  vith  flaaunable  materials.  ? 

7  a.    TROE  2 

b.  FALSE 

7  o 

17.  The  electrical  equipsMnt  and  fixtures  used  in 
?  Air  Force  paint  shops  nust  be  explosion- 

proof. 

a.  TFDS 

^  b.    FALSE  ?  . 

18.  FlaM-prodMing  aqoipsMnt  mat  be  used  only  ^ 
.  in  spaciflad  araaa,  such  as  the  welding  shop, 

iiliare  raquirad  safety  controls  exist.  " 

7  a.    THJE  7 , 

^  b.  FAI3E 

«*7?77777777777777?7777?77?7?7 


conn 


OK  HSZT  PA<^ '  i 


  7 

a.  THJB 

;  b.    FALSE  '  7 

« 

20.    Never  attempt  to  extinguish  a  fire  without  "? 
tuxning  in  an  alAfm  first. 


7 

■ 

7 


a.    TWZ  , 

?  b.    FALSE  .  ? 

?     21.    Fire  ftrtlnguisher  locatioiis  will  be  clearly  ? 
majrked  and  kept  free  of  dbstnictions. 

^  a.  TRUE 

7  b.    FAI3E   .  •? 

?     22.    Fire  extinguishers  will  be  placed  where  they  ? 

can  be  easily  reached,  but  cannot  be  acciden- 
?  tally  bua^ad  by  psrsconA  or  equipment.  ? 


a.  TRQE 

b.  '  FALSE 


7 

7  ' 
??????  ?7??????7  ????????????? 


10. 


Another  dangerous  and  often  unnecesMry  fire 
hazard  la  created  by  the  fueling  of  eqolpaMnt  inside 
the. shop.    Aa  an  added  precaution  against  fire, 
equipment  wU'  not  be  fueled  inside  the  shop  as  a 
routine  practl  *.    They  way  be  fueled  Inside,  how- 
ever, under  controlled  conditions  but  ^^hen  only 
vhen  approved  by  the  Installations  Fire  Marshall. 


QUESTION  23. 

???????????? 


?     When  may  equipment  be  fueled  inside  the  mainte- 
nance shops? 

? 

a.    Anytime,  unless  a  directive  from  the 

Installations  Fire  Marshall  prohibits  it. 


? 
? 
? 
? 


b.  Only  under  controlled  conditions  and  then 
only  on  approval  of  the  Installations 
Fire  Marshall. 

c.  Ifftienever  necessary  as  a  routine  practice. 


? 


? 

0 


Working  on  fliel  Unka  la  aXm^  4  hazardoua  task, 
fixplosloiiii  f ron  fuel  vapors  can  oceor  verj*  aaaily* 
Btf ore  weldLiig  or  other  heat-prodnelsg  woz^t  la  dqne 
Ob  gas  tanks,  and  ether  ftiel  epitainers,  the^  should 
be  drained,  flushed  oat  with  natar  nd,  nheh  prac- 
ticable, filied>lth  vater.    Filling  with  water 
will  eliflinate  the  danger  of  escplosioa  and  fire 
-from  fael  vSpor  inside  the  tank. 


QUESTION  2U. 

???????????????????????????? 

?     Before  welding  a  fuel  tank  of  any  kind,  it  must  7 
be 

? 

a;  filled  with  water. 

^?  '  ? 

^  b.  drained »  fluahed  and,  i^en  practicable, 

?    .  filled  with  water.  ? 

?7???????77????????7????77?? 
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Nknothar  fire  hasard  which  mist  )>9  avoldod  Is  th« 
one  created  when  used  oil,  fuel,  or  other  flaawable 
liquids  are  poured  into  floor  drains.    An  explosion 
hazard  from  vapors  is  created  not  Just  in  your  own 
building  but  in^aU  other  btfildinga  through  which 
the  drain  system  runs.    To  prevent  this  hazard, 
riawnable  liquids  will  be  put  in  metal  containers 
which,  when  full,  will  be  carried  to  some  remote 
area  and  dumped. 


(JQESTIOM    25.  ^ 

?     The  proper  disposal  of  used  flammable  liquids  is  ? 
accomplished  by 

? 

a.  flushing  them  down  the  floor  drain  system. 

b.  carrying  them  to  a  remotq^  area  to  be 

?  dumped.  ' 

????????????  ?  ??????????????'? 
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^  ■1 

Oonaral  oduast  ventlXatioD  should  be  provided 
and  used      prevent  «ny  accuawlation  of  carbon 
manoxlde  gas  Inside  the  shop.    Theie  accusmlatlcsis 
oould  come  from  engine  exhaut  manifold  leaks,  de- 
fective mufflers,  or  vehicles  entering  and  leading 
the  shop. 


Fri 


^         3»  •   

wm  IS." 


QUESTION  30. 

?????????????????  ?v?  ????????? 

?     General  exhaust  Ventilation  wiU  be  provided  and  ? 

used  in  the  maintenance  shop  in  order  to 
?  ,  '  ? 

a.    prevent  carbon  monoxide  from  any  source 
?  fiKm  accumulating  in  the  shop.  ? 

?        b.    allow  the  running  of  engines  vfithout  direc-  ? 
tintf  the  fumes  outside  the  shop. 

•»  .  .  ? 


??????????????????.??????????  A 


Rameniber,  safety  depend?  cn  you.    If  you  know  the 
safe  pmedi^rts  bat  do  not  practice  then,  you  are  at 
fault.    On  tiia  othjer.  hand,  you  cannot  practice 
safety  if  you  don't  )aiow  i2iat  the  prescribed  safety 
standards  are.    Our  job  is  to  teach  you  these  stan- 
dards.   The  rest  is  up  to  you.  , 


/. 


3 


1  • 


Lot's  stop  again  and  rairlew  some  of  th«  things  iia'v»  cohered  so  far. 
IttHeata  nhatbar  MOh  of  tl^  6  foUoidng  atataiHatB  m  TS0S  or  FALSE.  . 


QUfiSnOHS    31  throttgli  36. 

??????????????  ??????????? 

7  .31.    The  most  cosunon  personnal  hazard  In  the  qialn-7 
*  tonanea  shop  is  fira. 


? 
? 
? 
? 

o 

* 

? 
? 
? 
? 

,? 
? 

7 

; 
? 

« 

? 
? 
? 
? 


a.  TRIE 

b.  FAI^  ? 

32.  -  Bafore  nalding  on  a  gas  tank  it  mist  be  ^ 

drained  and  flushed. 

a.  THJE  '    f  ^ 

b.  FALSE  7 

33.  Vehicles  may  be  fueled  Inside  t«ie  shop  under  ^ 
controlled  conditions  unless  a  directive  from 
the  Installation  FIRE  HARSRAIL  probi'blts  it.  , 

* 

a.  TBDB  r 

b.  FALSE 

3U.    Flammable  liquids  should  never  be  drained 
into  floor  drains. 

a.  '  TPUE 

b.  FALSE 


7 

? 
7 


3$.    Battery  rocau,  painting  booths,  and  confined 
welding  areas  will  be  provided  with  special 
63chau8t  ventilation. 

a.  TRUE 

b.  FAIS.E 

36.    Flexible  tubing  imxst  be  attached  to  the 
vehicle's  exhauat  vhenever  the  equipment's 
engine  i*^  run  Inside  the  shop* 


a.  TBDS 
b;  FALSE 


? 
? 
7 
? 
7 
7 


\ 
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,  Good  boosakMpiilg  1«  esMtial  to  th«  Sftfaty  «iid 
efficiency  of  ahop  op^atldni.    Xngiiw  «  shop  M.th 
nothing  in  its  right  placo,  floors  dlittored  with 
junk,  and  oil  md  groaao  skilled  all  ever  th^  place. 
Toa  iiouldB^*t  get  meb  woric  done  iMcaaiae  of  all  the 
tripping  and  slipping  fan  woald  be  dciihg,  and  the 
chances  are  that  you  vould  wind  up  in  the  hospital 
with  a  aorioo/^injury. 


QUESTION  37. 


9 

* 


Safe  shop  operatidn  dapends  aa 

a.  using  personal  protective  equil^*>^t. 

b.  good  hoasekeeping. 

c .  applying  "only  those  shop  safety  practices 
necessary  to  keep  the  Inspectors  off  youi» 
back. 


? 


?  ?  ?  ?  ?  ?  7  ?  ?  7  7  ?  7  ?  ?  7  ?  ?  ?  ?  7  7  7  ?  ?  >  7  ? 


Shop  noors        b«  kept  claaa  and  frva  of  oil, 
gr«M«,  gmsolinft,  water,  «kd  dthar  ha^ardoat  op  allp 
pei7  nateilaX.    Boxaa  of  aand  or  other  suitable  ab- 
sorbent aaterlals   vUI  be.  provided  to  use  on  spill- 
•d  crease  aand  oU.    After  the  absorber.-  material 
has  been  applied  to  spills,  the  floor  will  be 
thoroughly  cleaned. 


qOESTION   38.  - 

???7??r?? 

?  To  clean  up  a  greAse  or  oil  spill,  you  will  use  ? 
?  a.  sand  or  other  absorbent  material.  ? 
?     ^  b.    a  rag  dipped  in  solvent.  •  ' 

????????????????????? 


\ 
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rh»v  an  many  hasardoos  «p»ratioDa  Wiloh  Mt  b« 
parfoiMd  eontliwally  la  tl«.««liit«wiio«  ahop.  To 
mk9  opaimtioM        haan^rdoua,  iha  Mr  Eorca 

provldM  tlia  baat  paraonal  protaetira  a<^pMnt 
availabla.  Tou  ara  rtapfloalbla  tor  nwlvg  thia 
aottipnaflt.  ParaoMl  protactiva  aqo^Mnt  indudas 
such  it«M  aa  fact  shlalda,  iMpmat  goU^M,  robbar 
and  asbeatM  glovw,  ch«ri.c«l  goolai,  »»ja.dinf,  ^ 
halJMts,  aprons,  «tc.  Thla  aquipMUt  will  ba  kept 
m  good  cooditlfln  and  Tdll  be  conraoiantly  locatad 
for  ijitnadlata  viae.  v 


QaBSTICM  39. 

?????? 

?     Tha  Air  Force  provldaa  peraooal  protective  equip-  ? 
ment  in  the  maintenance  ahop  to 

?  • 

a.    elii-nate  the  poaalbility  of  an  accident 
?  while  perfoming  haaardcus  operationa.  ? 

?        b.    make  operatiopa  leaa  hkiardoua.  ' 


in- 


Vhm  norkinc  with  b«tt«rif8  in  th«  batt«x7  iliop, 
p«raoim«l  must  b«^ar«fal  to  w«ar  th«  pr»tcrlb«d 
psrfOiMl  prot«etiv«  •qalpmdt.    Batt«x7  acid,  spill- 
•d  on  your  clothing  viU  "Mt**  holM  in  thffi  and,  if 
splasbAd  In  your  «y«8,  could  blind, you  pcmamntly. 


QUESTION  UO. 

???????????????????????????? 

?     To  protaet  your  ty«8  and  clothing  while  working  ? 

with  batteries,  you  must  wear 
?  ? 

a.    iinpact  goggles,  steel-toed  shoes,  and 
?  "  asbestos  gloves.  ? 


? 
? 


b.    chemical  goggles,  rubber  gloves,  and  a  nib-  7 
ber  apron. 


???????????- ????????????????? 
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Tottr  •f9  ar«  your  aoft  valuabl*  maa|«t  aad  thay 
oust  be  QQOfltantly  protwatad  against  injury  idilla 
iforkiag  iu  liha  iiialnt«i«aea  shop.   Vhan  uainc  a 
grlndinc  ^ML  or  cutting  vliaal  iMch  pr^daeao  fly- 
ing chipf.or  dost,  iispact  gogglaa  or  •  faca  'shiaLd 
muflt  ba  worn.    Tou  also  aaad  protactloa  from  dirt 
entering  your  eyes  lAile  working  on  your  back  under 
equipnent. 


CJOBSTIOM  Ul. 

????7?????????7??7?  ???????? 

?     You  must  wear  goggles  or  a  face  shield  to  protect 
your  eyes  irtisn 

a.  using  a  grinding  wheel  or  cutting  device 
which^ produces  chips  or  dust. 

b.  -working  under  equipnent. 

c.  both  "a"  and  "b"  above. 

d.  naittair  "a"  nor  "b**  above. 


in 


Th«  things  w«  have  eov«r«d  ao  far  hwr*  bMn  in  « 
varlAty  of  ar««8  bat,  th«n,  shop  safety  is  s  big 
ordsr  and  ineludss  ssvsral  arsas  ws  esnziot  svan 
atrrsr  in  this  progripi.   Safstj  is  a  oontlaiioasthlTig. 
Toa  may  gst  bj  for  a  %ihils  nfltlsctiag  ths  rales  for 
safety,  but  sooner  or  later  it  em  happen  -  serious 
injury  or  even  death. 


OasSTION  k2. 

7???????7?777???7. ??????????? 


7 
7 
7 

0 

7 


Safety  in  the  maintenenee  shop  is  dependent  on 

a.  gOod  ccmion  sense. 

b.  constant  obedience  to  prescribed  safety 
standards. 

c.  good  housekeeping. 

d.  all  of  the  above. 


? 

■ 

? 

7 
7 


7,  ??????7???7  7?7????????????? 
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Frwe  23. 


Let's  move  j^to  the  ar«A  of  personal  clothing. 
typ«  ot  clothing  you  wear  on  the  job  is  veiqr 
tn^ortant.  'Tour  clothes  should  be  of  e  good  com- 
fortable fit  bat  not  too  loose.    Loose  clothdjig  Is 
'easily  cd€^t  on  machinery  and  may  cauise  serious  in- 
jury.   Neckties,  rings,  and  other  Jewelry  will  not 
be  vom  for  the  same  reasons.    Clothing  ufaieh  has 
become  saturated  with  flananable  substances  will  ,not 
be  worn  or  stored  in  lockers  'as  this  constitutes  a 
fire  hazard.    The  Job  itself  will  determine  how 
often  you  should  change.    Here  again,  good  common 
sense  must  be  used. 


grJBSTION    li3.  \ 
??. 

?     Why  must  loose  clothing,  rings,  or  other  Jewelry  ? 
not  be  worn  while  woricing  on  or  around  equipment? 

9    ? 

a.    "Hiey  can  be  easily  caught  on  machinery 
?  other  equipment  causing  serious  injury.  ? 

?    '     b.    To  keep  from  damaging  machinery  and  equip-  ? 
ment. 

?  .       .  • 

???????????  ?"^?  ??????????????? 


n 
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Stiop  Biaehiiwiy  which  perf  onis  op^ratianfl  uhdar 
power  can  !>•  dangerous*    Tb9  point  of  operation 
where  the  "it^>»'<w<»  does  Its  work,  as  well  aa  gear 
drains,  shafts,  belts,  drtves,  chain  and  sprocket 
drives  inuat  all  be  goairded  according  to  standards 
set  forth  in  the  Qround  Safety  Manual.  Machine 
guai-ds  are  put  in  place  for  your  protection.  They 
will  not  be  removed  or  blocked  out  of  the  way  under 
any  circumstance. 


^JESTIOMS   Uli  and  U$. 

^^,:j,707??7?????7??????????? 

7     UU.    Machine  guards  may      removed  or  blocked  ? 


? 

? 
? 

-? 
? 
? 
? 


a.  whenever  necessary  to  get  maximum 
utiUzatlGQ  of  the^ machine. 

b.  only  on  approval  of  the  maintenance 
officer  for  specific  Jobs. 

c.  never  during  operation. 

U^.    What  Is  the  rsason  for  having  machine  guards 
on  machinery  in  the  maintenance  shops? 

a.  To  prevent  dsMage  to  the  machine. 

b.  To  protect  personnel  from  injury*  ^ 
9.  Both  "a"  and  "b"  above. 

d.  Neither  ♦♦a"  nor  "b." 


? 
? 
? 
? 
? 
? 
? 
? 
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K  very  inportant  piece  ot  eqalpdmit  used  in  the 
maintezUnee  shop  ia  the  equipoent  lift  or  hoist. 
Xte  puipoee  i«  to  raise.  t|ie  equipnnt  so.  that 
personnel  can  work  uoderneath.    Needless  to  say,  all 
such  lifts  «»st  be  equipped  with  a  safety  deivice  to 
prevent  uniixteatianal  or  accidental  lone^ing. 

'There  ^  two  types  of  lifts  eoBraonly  used,  (hm 
is  the  roll -on  or  drive-on  type;  the  other  is  the 
frame  contact  or  chassis-lift  type.    All  roll -on 
type  lifts  ^11  be  equipped  with  stop  chocks,  pre- 
ferably automatic,  which  spring  injbo  place  when  the 
equipment  enters  the  lift. 


QUESTIONS   U6  and  U7. 

,,,,707????????????????????? 

?     U6.    What  safety  feature  must  all  equipment  lifts  ? 

be  equipped  with?  ^ 

^  a.    Stop  chocks  which  prevent  the  equiptnent* 

^  fron  moving  while  qn  the  lift.  ^ 

b.    A  device  ^ch  prevents  accidental 
?  lowering  of  the  lift.-  ? 

U7.    What  additional  safety'  features  must  all 
roll-on  type  lifts  be  equipped  with?  - 

a.  Non-skii  paint.  , 

b.  Side  rails.  ^  . 

c.  Stop  chocksr* 

d.  Safety  leg. 


? 
? 
? 

7 

•> 


? 


,,7777777777?'??????????????? 
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26. 


r 


No  parson  Ml  be  pemltt«d  to  rwwilTi  vlth  the 
equipnant  on  the  lift,  when  it  is  on  «  lift  that  is 
moving  or  is  elevated. 


QOESTION  U8. 

?????????????? 

?     When  will  persona  be  permittad  to  remain  with 
equipmetn  on  moving  or  elevated  lifts. 


? 
? 

? 

9 


a.  Only  lAen  the  engine  is  running. 

b.  Only  if  the  engine  is  not  running. 

c.  During  brake  bleeding  operations. 

d.  Not  undar  any  circumstance.' 


???????????????  ?????????? 


?  ?  ? 
the  ? 

? 

7 

• 

? 

?  / 
?  ?  ? 
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Tott  Bost  inspect  a  lift  for  pr^r  opttntlon  «nd 
canditl on  prior  to  raising^  aquipM&t;  that  is>  de- 
termiiu  if  all  safety  devicas  ara  working  proparly. 

Howavar,  whan  uaing  a  jack  for  1  f ting  aqaipment 
thera  ara  still  more  safety  precautions  that  nnist 
be  obser7ed. 


Vlhen  using  a  jaelc  you  most  be  surt  tbat  It  has  a 
rated  cepaclty  sufficient  to  Uft  and  sustain  the' 
load.   Ttmt  is,  nake  sure  that  the  jack  isjMt  too 
sRall  for  the  job.   All  jaeka^  te^t  thootjpbvplied 
by  the  itianafaGtarer  as  standard  eqalpaenty  Sdll  be 
stamped  vith  their  rated  capacity  in  «  proninflnt 
location  OB  the  jaek^   Once  the  equlpnent  has  been 
raised  by  a  jack  the  equipnent  ilkist  be  secure^ 
blocked  up  with  "jack  studs'*. to  prevent  its  falling. 
Even  after  the  equipaent  is  jacked  up  and  securely 
blocked,  you  will  not  place  any  part  of  your  body 
directly  under  the  lAieels  of  the  equipnent. 


52' 


? 

7 
? 
? 
7 
7 
7 
? 
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7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7 

Indlcatt  lihathir  ««!h  of  th*  k  foUoKlaf  atat«- 
jBsnts  ls  TRIE  or  FUiSE. 

U9.    m  jacks  »*pt  ottwJard-aqalpMOt  jick* 
nust  be  'staia^^d  nith  their  rtted  capacity. 

a.  THIS 

* 

b.  .  FALSE 

50.  Bxe  rated  capacity  of  a  Ja^  i»  tha  a»oaat 
of  weight  it  will  lift  and  sustain  safsly. 

a.  THJE 

b.  FALSE 

51.  If  the  jack  is  rated  to  sustain  the  weight 
7  of  equipment  saf  sly  there  is  no  need  of 

securely  blocking  up  the  equipment  after 
7  it  has  been  jacked. 

1  a.  THUE 

?  -  .    b.  FALSE. 

?        52.    Tou  will  not  place  any. part  of  your  body 

directly  under  the  lAeels  of  securely 
7  blocked  equipment. 

?  a.  TBUE 

?  b.  FALSE 

7??77?7??7??7??777??7?t??7? 


A 


30. 


to  Mf«  ihep'  flp«zmtiaas.    kammr  th«M  qoMtloiis. 
qEJESnOHS   53  throng  $8. 

??????*??????.???????????????? 


? 


? 

? 


53.   How  dhould  spilled  grwM  or  oil  on  the  shop  ? 
floor  b«  tak«a  care  oT? 


? 
? 

? 
? 
? 

? 

55.  Tott  aust  ramov^o  all  rings  and  othor  jewelry 
whan  working  on  any  oqulpnafnt  in  tha  nainta- 
nanca  ahop.  ^ 

a.  THJE  ? 

b.  FALSE 

f         ■  ' 

56.  Michina  guards  may^ba  ranovad  or  blocked  out  ^ 
the  way  when  they  prevent  using  the 

machine  for  special  operations.  J 

a.  *  THJE  — 


a.  Apply  absorbent  matfrial  to  the  spiU 
and  clean  it  up  tborougfaly. 

b.  Wipe  it  up  wl^  1  sdlvent-so^ed  rag. 

c.  Flush  it  down  the  floor  drain. 


5U.    Intact  goggles  should  b«  worn  when 

a.  working  under  equipment. 

b.  doing  engine  tana-iq)  operations. 

c.  working  in  the  battery  room. 

d.  shaxpenlng  a  chisel  on  a  grinder. 


b.  FALSE 


N5 


$7.    All  jacks  must  be  equipped  -^th 

a.  stop  chocks^       /  ? 

b.  a  safety  leg  of^ other  d^^ico  which  will, 
prevent  accidental  lowering. 

side  rails. 


e. 


.58.    The  rated  capacitj^  of     jack  is  ^ 

a.  the  anoont  of  welg^it  the  jack  will  Uft^ 
.and  sustain  safely.' 

b.  always  ataii9>ed  prominently  on  .tha  jack  9 
-  except  for  Jacks  which. come  as  stand- 
ard equipment.         ^  7 

c.  both       and  "b"  above. 

d.  neltljer  V'  nor  "b."  '  * 


Th«  aod«m  Air  Pore*  nilnteninc*  thop  is  «<jilp»- 
pad  with  way  kinds  of  powsr  tool*  to  mko  yoar  job 
fMtor  «zsd  OMior.   To  uso  thoso  tools  rsqairo*  smo 
knowlodgo  sbout  tholr  safo  oporation.   For  «b^1«, 
«h«n  using  el#ctric«l  powor  tools,  always  lUks  sul?» 
that  thay  ai4  groundad.    Sarlous  alactrical  shoek- 
ca^d  xwilt  from  using  any  ungroundad  alactricany- 
oparatad  to^s. 


0 


QUESTION.  59. 

?     Electrical  powar  tools  must  bo    ,  ? 

?        a.    equipped  with  insulated  handlas.  ? 

?        b.    of  the  sane  voltage  as  the  aqoipmant  being  ? 
worked  on. 


c.  grounded. 


■  f  • 


r  • 


Mtom  uaLoK  portabl*  «ltetrle«I  todli,  It  Is 
tliMfl' iMMMary  to  nM  «c^«DaiflQ  cords  or  cablss. 
Drpp  lights  ars  of  t«i  us«d  in  mrsas  nhibb  nssd  addi- 
tioBsX  light.   An  aaaplA  of  this  wbgld  bo  utasn  yoa 
wsro  norkiag  indsnkoath  squipMnl^.    ISio  aoehanie 
^aiog  portahlo  oloctrieal  tools  and  light  a  nill  not 
string  cords  or  cablas  earalessly  across  ths  ahcp 
floor.    Sori^nis  tripping  accidsnts  can  rasalt. 


'1 


gpESTION   60.  , 

7??????77?????7???????  ????? 

When  using  elactrical  tools  and  aquipniaat,  you 
must 

a.  ba  sure  tliat  tbay  are  groundad. 

b.  not  craata  a  hazard  vith  alaetrie  cablas 
and  cords  earalasslj  strung  across"  tl^a 
shop.  nr 


c.  both'**a'*  and  **b*  abonro. 

d,  naithar  "a"  nor  "b." 


?7???????7???7????77??7??? 


-  eric: 


\ 


Sou  powsr  tools  usfd  in  th«  mlnUnaac*  ahflp* 
sach  as  lavset  vranehos  snd  sir  drllla»  art  optratad 
by  «onprastad  air.    Jlir  may  also  ba  usad  for  daan- 
iag  debris  front  a  repair  Jab,  paint  spraying,  and 
airing  up  tirisi   Coiipres8ed|air  is  dangerous  and 
most  be  used  vith  caution  at  *all  tines.    It  will 
never  be  directed  at  a  felloir  woxicer. 


/ 

qmESTION  61. 


??????  7 

7     Conpr^ssed  air  wiH  never  be  used  for  ? 

a.  cleaning  parts.  ? 

b.  horseplay.  ^ 

c.  both  "a"  and  "b".  above,  ? 

d.  neither  "a"  nor  "b."  7 


7777??7???.7?  777?7?7??77?7??? 


1 


r  jr 


Bach  Mchioie  in  a  mAiattnano*  shop  '4111  b« 
laioad  a  tool  kit  for  bis  om  parsonal  usa.  It 
will  ba  his  rasppiMibility  to  look  aTt^T  thaaa'toola 
and  kaap.tbaB  in'  top  shapa.    Tool  kita  will  ba  in- 
spaotad  parlodlcaUy  aisd  any  daf  aetiva  tools  will  ba' 
rapltead  lanadiataly.   A.  daf aetlva  tool  could  causa 
aarioua  injury.   Tha  Air  Foroa  ia  Apra  than  ^ad  to 
raplaea  yoor  dafaotiva  toola  if  dq^  ao  will  pra- 
y«it  any  16at  tiaa  or  injury. 


\ 

V 


QDSStCCms  62  thna$^  65. 

. \  '[.  1 .  _.  _.  ■   .      ..  '     ■•  ^     '  ^  _'  i,  i  '_ 

?     62.    to  tlvi  iatM»«ta  of  wl^^^f  tool  kit*  4II  bt? 

t.  t^iRiad  in  for  iaapoetlon  oiico  ft  month.  ? 
b.    iaspoetod  ti^  d«f«otivt  toola 


e. 


iaipmtted  poriodioalXy  and  <Uf  oetivo  ? 
tool*  ropUood  iMMdlitoly. 

63.   All  •lactric«lly-p<n»r«l*o<Jiipwnt  ind  tools 
ibut  bf  ofroctiv^  ground^  to  prwrodt  oloc-? 
trical  iboek  to  ttao  opmtor. 


? 
? 
? 
? 
7 

I  7 

65.    DofacUv*  tools  will  bo  ropUctd  i«.i»di*toly.? 

a.  THJE  ^ 

b.  FALSE  ? 

???7?????????7?''??''?'?'^^^-^ 


a.  TRJS 

b.  FALSE 

6U.    Ert^wion  cords  or  cables  wiU  not  bo  usod 
-rfith  portablo  oloctric  tools  because  they  are 
a  tripping  hazard. 

a.  THJE 

b.  FALSE 


A 


^      ^  ^ 


36. 


/ 


Om  moro  thizig!   th«  aaintsnanct  ahop  Is  s,  basy 
plMS.    EqulpMitt  is  sonstantlsr  on  tbs  Hcnrs.  A31 
psrsomsl  ars  monrlng  sboat  in  ths  coarss  of  th«:.r 
nomal  datlss.   To  protset  psrsomsl »  a  nsidMiim 
spssd  limit  of  5  MFH  vill  bs  snforesd  in  sad^around 
ths  shop.   AH  vtftUlss  ntsring  or  Issvios  the 
shop  will  signal  'with  tbsir  hom  to  nam  psrsomsl 
of  on-oooiag  traffic 


mOHS   66  and  6?. 


??,???  7  ?????????????        ?????  ? 


66.  Tt»  mdodjmim  spssd  limit  in  and  around  th« 
maintsnancs  shop  is 

a'.    3  MPH. 
b.    5  MPH. 
.V    c .  10  MPH. 

67.  When  sntei^ing  or  leaving  the  maintenance 
shop,  vehicle  operators  must  \ 

.1 

a.  loo^  ^ai^^rqj^sed  with  caution. 

b.  sound  horn  and  proceed  with  cauti45h. 

c.  maintain  a  speed  of  at  least  5  t^H. 


7 


7 

7 

7 

7 


?77??77?f??????????7???????  ? 


^_-':'-^j;^,^.t^L^^^p;,:..,:■L..,...■■^■;l>jp_^■A^^^  .i.m.::  -j.  ir_f^.r--.-.n).  ■■ -...^^r  n  ■ ..  _ .  .  .-'.-.»-^.,.k..        v-.i.^_ ..  ■■ 


37.- 


/ 


WBXBSRi    It's  not  aoo^  to  jttst  l«am  th«  pro- 
seribod  sAfotj  ottfidarde,  you  nst 
algo  pnctleo  thai  eoii8tKitl7> 


r 


If  you  tomod  horo,  looking  for  the  list  of  cor- 
roct  anmrs,  you  will  find  tbm  printed  on  the 
nazt  (l«8t)  pago. 


IerIc 


38. 


Question 

Correct 

Antuers 

1. 

b. 

2. 

c. 

3. 

m. 

u. 

b. 

5. 

b. 

6. 

c. 

7. 

b. 

8. 

A. 

9. 

a. 

10. 

c. 

11. 

c. 

12. 

b. 

13. 

ft. 

u*. 

a. 

15. 

a. 

16. 

a. 

17. 

a. 

18. 

a. 

19. 

a* 

20. 

a. 

21. 

a. 

22. 

a. 

23. 

b. 

2U. 

b. 

2$. 

b. 

26. 

c. 

27: 

c. 

28. 

b. 

29. 

d. 

30. 

a. 

31. 

b. 

32. 

a. 

33. 

b. 

3U. 

a. 

QiMstioin 
Hunger 

35. 
36. 

-  37. 
38. 
39. 
ItO. 

Ul. 
U2. 
U3. 
UU. 
U5. 
I46. 
U7. 
US. 
U9. 
50. 

51. 
52. 

53.  '. 

5U. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 
6U. 

65. 
66. 
67. 


Correct 
Ans-vers 

a. 

a. 
b. 
a. 
b. 
b. 
c. 
d. 
a. 

0. 

b. 
b. 
c. 
d. 
a. 

a. 

V  I: 

a. 

d. 
a. 
b. 
b. 

c. 
c. 

c. 
b. 

°. 
a. 

b.. 

b. 
b. 
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OBJECTIVES 

When  you  hsv«  coiivlscsd  chis  text,  you  ylll  be  eble  to  accoaplish 
the  following  objectives  with  90Z  acc^racy. 

1.  Identify  the  two  parts  of  a  given  fraction. 

2.  Identify  proper  fractions »  improper  fractions,  and  mixed 
Qunbttrs  from  a' given  list. 

3.  Change  a  given  list  of  improper  fractions  to  mixed  nunbers 
and  mixed  numbers  to  improper  fractions. 

4.  Solva  problems  In  addition  and  subtraction  of  fractions • 

•4- 

5.  Solve  problems  In  multiplication  .of  fractions,  cancelling 
where  applicable. 

6. '     Solve  problems  in  diHsion  of  fractions,  cancelling  where 
applicable.  \ 

INSTRUCTICWS 

In  this  prograamsd  text  you  will  be  given  Information  and  then 
directed  to  solve  problems.    The  correct  answers  for  the  problens  will 
be  at  the  top  of  the  page  following  the  questions.    For  maximum  learning, 
solve  the  problem  and  check  it  over  before  looking  et  the  "school  solu- 
tion."   If  you  are  in  error*  go  over  your  work  until  you  find  why  you 
were  wrong,  before  preceeding  to  the  next  frame. 


Supersedes  3ABB47330-PT-101E»  3ABil47231-n-204,  31  July  1970. 
OVRi  TWS 
DISTRXBUriOMi  X 

TWS  -  400t    TTVCC  -  I  1?;) 


1. 


U«  wiU  b«gln  ^th  saiw  8l«pl«  probl«« 
edl-na  of  figurts  b«lai»  tnd  rword  yoxr  « 
on  jottT  worksheet. 


In  addition.    Add  th« 
ansmrs  in  th*  praptr  spases 


1. 


123U 
U321 
6789 
9876 
777 


2.  U536 

n88 

7976 
3U02 
211 


3.  886$ 
1066 

1U92 
1312 
19U5 
.  -2229 


19U* 
1625 
3U32 
9981 
800$ 

8o: 


There!  Tou  should  be  awake  by  now.  Next,  let's  subtract  a  few 
nmnb^rs • 


$.  98765U 
-23U$67 


6.  382U36 
-36$U86 


7.  6829722 
-3671$9U 


8.  17353 
.9876 


.  1  / 

Answvrs  to  problana  1  thrc 

mci»  8i 

1.    23S02        2.  13757 

3. 

25179       U.  25760 

5.   75308f.     6.  16950 

7. 

3158126     8.  7a77 

If  you  Hissed  AMT  of  thoss  problsi 

IS,  go  bsck  ovsr  thm  until  jou 

find  jroiir  alstsk*. 

Let's  try  a  few  multiplicstioB  problw,  now.  ftatsr  your  answsrs 
in  ths  proper  spaces  on  the  worksheet.    00  HOT  woric  in  this  progrw. 

9.    35791      10.    2U680      11.    1776      12.   .11*92      13.  9722 
X2U32  3d.975  «1066  ac9e7  «5^> 

lii.  77990 
«1025 


* 

Now,  for  a  few  problons  In  good  ol'  divisioni 

IS.  ^ 

16.  2|6        28/TT75     18.  3U1/T52557 

19.  iurWn 

hnmmn  to  probl«u  9  through  19 1 


9.  «7tQO»7I2 

10.  48»743»00O 

U.  X,893f216 

12.  l,472»6a 

13.  5*288.768 
lU.  79,939.750 


15. 

21. 

16. 

66. 

17. 

a. 

18. 

477 

19. 

203 

The  problems  *iihich  you  have  Just  completed  working  were  sonewhet 
long,  but  they  should  not  have  given  you  any  trouble.    Ev«n  the  divi- 
sion problflM  had  answers  in  whole  mmbers.    Fractions  may  prove  a 
bit  more  difficult,  if  you  have  been  out  of  school  for  a  very  long 
tiAe  or  have  forgotten  about  thm.    Actually^  the  same  basic  arlth- 
moti^al' functions  which  apply  to  whole  nmbers  aXso  apply  to  frac- 
tions, but  thei«  are  some  extra  steps  to  take.   We  will  give  tbe  nile 
for  performing  each  Ametion,  then  work  a  few  problems  for  practice. 
A  fraction  of  something  Is  a  part  of  it.    If  a  pie  is  cut  into  two 
equal  parts,  each  of  these  parts  is  a  fraction  of  the  whole »  or  In 
this  case,  of  it.    One  half  Is  also  written  1/2.    Likewise,  If 

the  pie  were  cut  into  six  equal  parts,  each  of  the  parts  wouMbe  a 
fraction  of  the  whole,  or  one-sijcth,  a^so  written  as  1/6.  I"t*"St 
frsction,  the  number  written  above  the  line  is  called  the  HUMERtTOR. 
The  mmber  below  the  line  is  caUed  the  DOICHDIATOR.    This  hclds  true 
regardless  of  the  sixe  of  either  number. 


PROBLaiS    30  through  22, 

??????????????77V???TT?????????7????? 
7     Write  your  answers  in  the  proper  spaces  on  your  worksheet.  ? 


7 
? 

? 


20.  What  >.8  the  nvnber  written  above  the  line  in  a  fraction  called?? 

21.  What  is  number  written  below  the  line  called?  ^ 

22.  If  the  dsnemiaator  is  twelve  and  the  numerator  is  five,  ho^' 
would  the  fraction  be  written?    ^  7 


777??7777???7????777?77????????????V? 


3 

12 


Anmrs  to  probXwm  20  through  22 1 
20.    nwwrator  21.  denominitor 


22.  5A2 


V^>«^f<A«  fci.o  ler  luinator  (namb«r  b«low  the  lin«)  indic«t«a 
In  w  bUn  divided  into.    The  mmrator 

how  many  equal  p%rta  the  1-  the  frection.  For 

indicf .  how  «W  <>l^^r,/*^^Z  SrSf  wSli^.  SJldS  into 
enamle*  in  the  fraction  2/5,  «•         tn*^  y»e  tm- 

ITrt,'«id  2  Of  th.M  5  p.rt.       l^":?-,^^^:,  "^t  U.  TAc 


C3UE3TXOMS  2>  thnxign  25. 

7  7  ?  7  7  7  ?  7  T  ^  7  7  ?  »  '  '  ^  ^  ^  ^  »  "  '  '  "  "  V  '  '  "  " 

? 

?     21.    Define  a  proper  fraction. 

? 

?     2U.    Define  an  improper  fraction. 

7     25.    When  do  you  think  we  would  have  an  improper  fraction.  ? 


4 


AaMrs  to  qoAstlona  23>  2U>  «cid  2$: 


23.   A  proptr  fMCtloo  ts       In  «lilch  th«  awtntor  It  a  analltr 

nuMter  th«i  th«  denominator.  ^ 
2U.  ,  Aa  ii«)i^r  fraction  !•  on«  In  «hich  tha  nunarttor  Is  largar 

than  tha  danoninator  (naturally). 
2$.    This  is  MOST  likaly  to  occur  as  tht  prodact  of  m  addition  or 

multiplication  axarcisa. 

If  you  do  not  hava  thasa  axact  word.  In  your  answara  but  tha  «aan- 
inc  is  claar,  taka  cradit  for  corract  antwara  tnd  procaad. 


Thm  first  function  we  will  take  up  Is  additian.    In  all  •^Uwoti- 
cal^cilS.  with  frsctions.  tha  fir^  «!•  to  JT'^^^rilliir^o^ 
niinators  of  all  fracUons  to  ba  addad,  »ubtr.ctad,  multlpliad,  jr 
dividad  iKuat  be  tha  sane."    For  instance,  to  add  yf,  3/U.  5/0,  ana 
V16^  must  first  change  all  the  fractions  so  that  they  have  the 
s«;*d«oSS.tor     ThiTls  died  the  «co««on  denominator.-  sine,  the 
one  tnimber  is  eomnon  to  all* 


?     A  common  denosdnator  is  one  into  which  jdl  of  ^^V^r/^f ' 

will  fit  without  any  numbers  left  over.    The  fii*»t  J^ep  is  to  take 
?  ^he  largest  numberin  the.  problem  and  try  to  fit  all  the  others  into 

it.  '7 

'  QUESTION  26.  What  is  the  common  denominator  fti  the  above  problem;^ 
? 


-Lot 


t 


frmm  6. 


0 


Aiurif*r  to  cfiiMticn  ?6t  16. 


This  manbttr  idU  eontola  Meh  of  the 
anallar  iiuiito«rfl  in  tlw  pireblw  (tta* 
dtnoninators  6f  Mch  of  tl»  frae-  \ 
tions) .   Anothor  mj  of  tayliiK  It  is 
thAt  46  i«  "dlvt«lblo»  bf  oach  of  ' 
tho  fluUor  nuabors. 


I 


It  would  b«  ixuccarato  to  chanc*  all  of  tho  dwiowinatorf  of  tho 
.'ractiona  without  alao  chanflnc  the  numerators,  so  oar  probXaw  will 
now  be  to  add  8A6,-1.''A6,  10A6,  and  3A6.    Since  the  d«n«laator  ^ 
will  be  the  same,  wa  haVe  nerely  to  add  the  digits  In  the  nmrators 
of  the  fractions.    Such  a  procedure  will  give  ua  33/16.    Tfaia  is  an 
ijnproper  fraction,  so  we  will  convert  it  to  a  proper  one  by  dividing 
/the  numerator  by  the  denomSaiator.    This  gives  us  a  final  sum  of  a  and 
1/16. 


QUESTION  27. 

•I 

?????????  7??????????????^?' 

^?     Using  the  system,  shown  above^^  ^dd  1/2,  2/3,  3A,  and  $/6.  ? 

'Remember,  you  must  first  find  a  cowion  denoaittiator.    Enter  your  ? 
•inswer  in  the  proper  space  on  the  worxsheet.) 

?????????????????????  ?????. 7  V???. 


]9  ; 


Ansvtr  to  qVMStlon  27s 


2  and  9A2     Mr*  pr«p«ia:f,  2  tatf  Vli* 

of'  ftDC^ 


iomlit  tte  parfonwBM  of  tmstLmm  vtth 
frtetiono.   Ihlt  na«  i«x  **Ui«rJ  rvdueo 
fnetiono  to^thoir  Xoinit  t«M  toy  dividliig 
both  tte  anorator  and  dmala^tor  bj  tha 
s^w  flunbar." 


This  should  ba  a  suf ficlant  raf rashar  o»  tha  addition  of  fractions. 
tiAxt  M  will  taka  ttp  tha  subtraction  of  fractions.    Tha  mathod  of 
^^artlS  f  ri^?~  is  quita  .l«ail«-  to  t^  '^^^^^^.•Jf 
ta  aiivXer;  ho«^ar.  bacauaa  thara  can  ba  only  tiio  fractions  Jnvojvad 
in  a^ifigli  problan.    Tho  ryil%  for  subtracting  fractions        "^I^  tha 
denopinators^r.  tha  assia,  ^btract  ^ 

tha  raaultlng  f rattlon  to  Its  loaast  tanw.    If  ^«  ^^^^^J"  f'* 
not  tha  saMa,  find  tha  lowaat  eoMion  danoninator  and  than  subtract 
^  numarator  and  radaca  to  tha  lomat  tarma. 

EXAMP1£:    9/16  -  5A6  •  UA6,  or  raducad  to  lowaat  tarns.  1/U. 

9A6  -  3/8  •  9A6  -  6A6  -  3/16  (cannot  ba  raducad). 


PROBLEKS    28  through  32- 

7  ???????????  7  ?????????  ^  • 

7     Using  the  informatidi. above,  work  the  following  problems  and  enter  ? 

your  answers  in  tha  proper  spaces  on  the  worksheet.  ^ 


28.    3/U      29.    5/6      30.    5/6       31.  7/8 
.i/U  -1/6  iiZ2 


32.  7/e 

-11/6U 


7  ???  7  ????  7  ?  7  ^  • 


111 


1 


Anmmn  to  problm  26  ttaroogh  32: 

20.    1/2         29  .    2/3         30.  1/2 


31;    5/32        32.  U5/6i4 


Tou  will  noto  that  all  of  tha  aaawars  hava  ba«r  raducad  to  thalr 
lowest  terns. 


ERIC 


A  ndjced  nwber  1»  cowpoaed  of  both  a  whole  iwi«ber  and  a  fraction, 
duch  m^2  it  1/3.    At  tinea,  there  ia  an  advantage  to  confertinc  a 
mixed  mwber  to  an  U^roper  f racUon,  to  f aciUtate  addition,  •Jbtrac- 
tion,  wulUplicaUon,  or  diviaion  of  fractions.    Thia  ia  accajpUrtied 
by  simply  i«ultlplylaf  the  whole  ni»ber  by  the  dengpinator  of  the  frac 
tion,  addiBf  the  nwMrator  to  this  prodoot,  and  ontsxlnc  the  wof 
these  two  msnhers  abwre  the  dmoirtastor.   For  •p^;*  ^ 
5  3/8  to  an  inproper  fraction,  we  snltiply  5  x  8  -  UO,  +3  •  U3/8^ 
Thus,  if  we  were  to  add  5  3/8.  2  lA,  and  6  1/2,  ^  problap  would 
look  like  thia:    5  V8  ♦  2  1/U  ♦  6  1/2  -  U3/8  ♦  9/U  ♦  13/2.  Since 
we  must  find  the  lowest  conaon  deooidnator  and  convert  all  •l«J^t* 
of  the  problwi,  it  would  now  be  U3/8  ♦  l8/8  ♦  52/8.   We  now  add  the 
iiuwerators,  and  the  answer  beco»ea  113/8.   Whan  we  reconvert  to  a 
mixed  number,  we  divide  the  numerator  by  the  d«iominator.  or 


Ut 

8  /  113 
-8 
33 


Since  there  ia  1  left  over,  we 
say  that  the  answer  is  li*  1/8. 


4 


PRDBLEU  33. 

?     Add  the  fdllowing  nixed  nwibers,  as  ahoisi  above,  and  Ater  your  ? 
answer  in  the  proper  space  on  your  workslMet. 


3  1/8  ♦  U  3/U  ♦  2  1/2  ♦  6  3A6  •      ?  - 


777777777,  7777777777????????????????? 

}  n  4 
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trmm  9. 


r  to  prottl*  33  Ui   16  9A6.     (9A6  cumot  b«  rtdttc#d) 


MA  liiidi  prwtBU  4  lot  of  n«it  matorlal,  ^  lA^^-  not  <Jii^  *t  groat 
Vm^m  STprScUelag  or  ropotltloo  of  oochfoor^nt.    If  you  find 
S^rSoTto  bTSmSiat.^^  thot  portion  uiAil  m  •'••Jf* 
S^ySS^  bofori  folac  on  ♦-o  tho  nmt  fr-no.   Wo  h«vo  co^oryl  the 

toldnd  noLort  wd  vlco-Tor.4.  Host  m  will  tako  up  «alfcipli«*JJ« 
of  SStlST  flir  flrtt  rolo  of  .olUpllcoUon  of  f roctiop.  "Any 
SLSJ^SmTOiid  by.  .  propor  J^^riold  .  -aglor  numbor 

thin  tho  orlglnfcl."  'or  lastKico,  1/2  of  100  is  50;  9A0  of  100  la  90. 

SSlpUoSlSTof  frwtion.  i.  '•^^iT*^L?^i*%^^^!"i"Sotr 
.MltSuod.  ond  tho  product  i.  ^^J^^^^^^^T^.^^^^ 
wmbmr.    Th«  th#  d-M-iiiotoro  aro  .oltlpUod  tw*  tho  protet  la 
Atorod  MOV  tho  lino  oo  a  idlolo  mbor.    For  t»PXo:  lA  x  2/3 
2A2  (or,  rMiOocI,  V6).    LikonUo,  1/3  «  1/5  •  1A5. 


PRPBUXS    3U  throuch  39. 

7  ??  7  7  7  ?  7  7  7  7  ???????????  7  7  • 

7.    3U.    3/5        35.    3/U      36.    3/8      37.    1/5     38.    2/5  ? 
X  1/3  ''-i^ 

7 


7 

? 


39.  V6 

X  2/3 


7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  ?  ?  ?  7  7  7  7  7  7  ?  ?  ?  ?  ?  7  •  •  •  •  ' 


o  0 


Corrvet  rniMmn  for  probI«u  Jk  throu^  >9 


3U,  3A5  (1/5) 
37.  1/ao 


3A2  (1/U) 
38.  1/10 


>6.  6/2ii  (1/U) 
39.  1/9 


the  prdci^im  for  ■ultlplyiin  i«vrop«r  fraetiCM  or  mixed  noiben 
la  the  seMy  exrept  that  in  the  eeee  of  Mixed  meibers  they  anat  first 
be  ehenged  to  iMproper  f racticos  before  nultiplyljac.    For  exMplet 
to  watiply  2  1/3x3  lA,  you  would  write  the  problam: 

7/3  X  I3A  -  nA2.  or  7  7/12. 


PROBUMS    UO  through  UU. 

???????????????77???????7???'7??????? 

?     Uaini?  the  InformaMon  abwe,  iriltiply  the  following  eixed  nianbers  ? 
and  enter  the  anawersi  in  the  proper  spaces  on  yo«r  woricsheet. 

->  ■     '  ? 

*  UO.    1  lA      Ul.    U  1/3      U2.    6  1/2      U3.    5  3/8      UU.    7  2/3 

?       X  ?  1/3  X  3  3/5  X  2  1/3  X  2  1/2  x  3  1/U  ? 

?  ? 
^,^,.,^^777,  77????????  7  ??????????????? 
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Frana  11. 


The  correct  answers  for  problems  UO  through  ku  *re: 


UO.    7  7/12     Ul.    l"?  3/5     U2.    15  1/6-   U3.    13  7/16     Uk.    2li  11/12 

 :  1 


The  maltiplication  problems  we  have  worked  have  had  only  two  frac- 
tions in  each  problem.    However,  ^jr  number  of  fractions  may  be  nalti- 
plied  at  the  same  time-.    Simply  multiply  the  nur.erators  together  and 
the  denominators  together,  changing  mixed  numbers  to  improper  frac- 
tions when  necessary.    <Jhole  njmbers  are  shown  as  improper  f.'-actiona 
•-ji^h  a  denominator  of  1.    The  last  arithmetic  exercise  with  fractions 
which  we  will  take  up  is  division.    This  is  quite  simple  to  accom- 
plish, since  the  only  difference  between  division  and  m'lltiplication 
is  that  we  invert  the  divisor.    For  example:  if  we  want  to  divide 
1/5  by  1/3,  we  simply  invert  the  divisor.  1/3-  and  multiply: 

1/5  ▼  1/3  -  1^5  X  3/1  r  -"^^5. 


PHDBL315      US  through  hc. 

?      Using  the  iafonnation  above,  work, the  rollcvdng  problems  in  division? 

and  record  your  answers  in  the  proper  spaces  on  your  worksheet-. 

u5.     3/6  f  ?/ii       U6.  2  1/3  r  2/3       ii7.        }  f  3/U 

■     .  -  U5.  3  5/5  T  1  2/} 


The  correct  answvrs  for  problws  US  through  U8  ar«t 

U!>.    1/2         U6.    3  i/2         U7.    8/9  U8.    2  7/UO 


This  ahould  bo  sufficient  review  iJi  all  artthnetlc  functions  of 
fractiona.    We  All  now  take  up  the  writing  of  dacljnale  fro«  narrative 
descriptions.    To  understand  decimals,  we  must  first  realise  that  the 
entire  systan  consists  of  sultlples  of  ten.   Whole  nimbers  ars  always 
shown  to  the  left  of  the  period  or  decinal  point.    Parts  of  numbers 
are  shown  to  the  right  of  the  decimal  point.    The  first  plAce  after 
the  decijnal  is  occupied  by  tenths.    The  first  multiple  of  t«i  is  one- 
hundred,  or  hundredth.    The  second  plsce  4fter  the  decimal  is  thus 
occupied  by  hundredths.    The  next  m'ilUple  of  ten  is  thousandths,  and 
this  occupies  the  third  piece  after  the  decimal.    In  like  manner,  the 
fourth  place  is  occupied  by  ten- thousandths,  the  fifth  place  by 
hundred-thousandths,  and  the  sixth  place  by  mlllianths.  since  •mil- 
lion is  1,000  times  1,000.    Therefore,  a  narrative  description  which 
roads  "six  and  seven- tenths"  would  appear  as  6.7,  and  a  tenpereture 
reading  of  ninety-eight  and  six-tenths  would  be  98.6. 


TROWLEWS    U9  through  $2. 

^.,,,,,,,097?????????????????????????? 


"     »Jsing  the  information  above,  convert  the  following  narrative  des- 
criptions to  decimal  figures  and  enter  the  answers  in  the  proper 
srpaces  on  your  worksheet. 

?  U9.    "The  outside  temperature  is  ninety-one  and  seven-tenths  degrees 
,  50.    "The  barometer  indicates  twenty-nine  and  thirty-nine  hundredths." 

51.    "The  clearance  Is  seven-thousandths  of  an  Inch.* 
^  $2.    "The  tolerance  is  plus  or  minus  fifteen- thousandths." 

???????????????????? 


? 


12 


Trwm  13.     1  7^ 


The'correct  answers        p,.(i;BI«^  %9  t&mtps  f?  «r«T 

U9."91.7         ^.    29.39  .007        53.    *  .015 

Since  you  will  be  working  priaarily  with  clearances,  tolerances, 
etc.    you  will  find  most  values  expressed  in  thousnrfths,  since  the 
thiclness  or  "feeler"  gauge,  micrometer,  and  all  other  eccurate  in- 
struments are  graduated  in  thousandths.    Thus,  .0015  is  fifteen 
ten- thousandths,  but  mechanics  often  express  it  as  "one  and  one-half 
thousandths."  v 


The  writiiig  of  decimals  becomes  automatic  IF  we  just  remember  that 
the  decijnals  are  the  multiples  of  ten.    We  wilT  convert  some  decimals 
to  fractions  next,  then  convert  some  fractions  to  decjJnals.    A  deci- 
mal is  really  a  fraction  except  that  only  the  numerator  is  shown, 
following  a  period,  or  "decimal  point."    The  denominator  of  the  frac- 
tion is  determined  by  how  many  places  are  shown  in  the  decimal.  For 
instance,  we  already  Itamed  that  the  first  place  to  the  right  of 
the  decimal  point  is  for  tenths,  the  second  for  hundredths,  the  third 
Tor  thousandths,  etc..  Thus,  .7  would  be  3«van- tenths,  or  7/10,  but 
the  exact  same  value,  if  written  .700,  would  read  seven  h-ondrcd 
thousandths,  or  700/1,000.    Even  though  the  zeros  do  not  change  the 
value,  most  of  your  work  will  be  expressed  in  .this  manner. 


PHOBLEMS    5^  through  ??. 

^   or,   r,  90-?  or'   0  o  o   0  0''   7   on   7  77777????????? 

?      Using  the  iniomation  =ibove,  convert  the  follo'^dne  decimals  to  ? 
fractions  and  enter  your  answers  in  the  proper  rraces  on  the  worksheet. 

5)..    .700  .0015        55.    .090        56.    .0005  ^ 

57.  3.0IU 


9977'77'?'>'>'?'^'>??????????????/??????????? 


I  3 


Hi. 


correct  mmiTn  for  probl«M  53  throofh  $7  «r«t  . 

$3.    700A.000         5U.    15/10.000         $$.  90A,000 
56.  5/10,000 

57.    3  Ui/l.OOO 


t 


Convertlxig  a  fraction  to  a  deeinal  is  accoHpliahod  by  aiji^ly  divid- 
ing tlia  nmerator  of  tho  fraction  by  tha  damiinator.    CM  of  thm 
things  to  rononbar  is  that  in  a  propar  fraction  ( one  in  which  tha 
numarator  is  smllar  than  tha  danonlnator) ,  tha  ansmr,  or  "qaotiant", 
will  be  lass  than  1.    In  othar  words,  tha  coapXata  answar  will  ba  to 
tha  right  of  tha  dacim&L  point.    Bae«usa  Ha  ara  naarly  always  «<^n*>g 
in  thousandths,  ws  will  autooiAtically  carry  tha  answar  to  tbraa 
places.    For  axan^la:  1/2  inch  ia  convartad  as  foUows: 

.500  inch        3A  becomes  .7?Q  The  extra  aaro  is  added 

2  /  1.000  U  /  3.000  in  ordar  to  give  tha 

2  8  reqnirad  three  decinal 

20  places  in  the  answer. 

20 


PROBLEMS    $%  through  63. 

I 

'.???????????????????????????????????? 

Using  the  Information  above,  convert  the  following  fractions  to  ^ 
^  decijn.'ilS)  and  enter  your  answers  in  the  proper  ^acas  on  your  ^ 
'  worksheet. 


58.  5/8 


59.  2/3 


60.  3A6 
63.  7/16 


61.    5/32        62.  2/5 


??7?????77?77??77??7777?7?'?t7???????7 
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ERIC  . 


15. 


Anmrs  to  ppoblM  58  through  63  »»! 
58.    .625      59.    .666      6?  .1875 


61.    .156       62.  .IjOO 


63.  .U375 


Tho  ii«t™tlona  atid:  -Carry  the  fotiont  ^hrw  pUcw 
uw-i  ♦wr^«»rf»i  has  a  n«ibor  "5"  or  bolow.  th*  throo  pi«co«  oo 

ilLdS^e  figuro  «hich  occuptoa  th«nbflr3  place.    Thus,  problem 
59  vould  bo  morr  eccuretaly  answered  as  .667. 


MBA  BMte  to  nroeeat  new  aaterialf  but  Mj  w  rw^^ww. 

^'iirs.ri^^^^JS^-  -m  b.  h.ipf^  for  ^  t.  uk. 

Inatruetor* 


ERIC 


VMiloa  y  OMlMttl 

0/16 

.015605 
.03185 
.Ol»687S 
.0625 

D/a 
17/32 

9A6 

.515605 
.5»5 

.5625 

5M 
3/3J 
T/6k 

a/» 

.o?eii5 

.09375 

.109375 

.125 

37/61* 
19/32 

J7f  *** 

5/8 

.57012$ 
.59375 

•6f5 

9/6U 
5/32 

3A6 

.11*0605 
.15625 
.171875 
.1875 

1*1/61* 
21/32 
li3/61i 

nA6 

.6b0625 
.65625 

.6875 

13/6U 
7/32 
l5/«* 
lA 

.203125 
.21875 
.23U375 
.250 

1*5/61* 
23/32 

Ul  f  *«* 

3 A 

.703125 
.71875 

.750 

17/6U 

9/32 
19/6ii 
5A6 

.265625 
.28125 
.296875 
.3125 

U9/61* 
25/32 

3X/0U 

13/16 

.765625 
.78125 

.8125 

2l/61i 
11/32 
23/6U 
3/» 

.328125 
.31375 
.359375 
.375 

53/61* 
27/32 

7/8 

.828125 
.81*375 

♦0P7J7> 

.875 

25/6I* 
13/32 
27/64* 
7A6 

.390625 
.1*0625 
.i*2l875 
.1*375 

57/61* 
29/32 
59/61* 
15A6 

.890625 
.90625 
.921875 
.9375 

29/61* 
15/32 
3V6I» 
1/2 

.1*53125 
.1*6875 
.Ii8li375 
.500 

61/61* 
31/32 
63/61* 

.953125 

.96875 

.981a375 

16 
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FOREWORD 


Rcpairmanft  course  by  the  In«truetion«l  Systems  Development  Team.  The 
text  was  validated  in  1964,  using  100  students  from  the  subject  course.  At 
ftast  90%  of  the  students  achieved  the  objectives  as  stated.   This  text  has 
been  used  to  train  at  least  3.  000  students,  and  is  considered  valid. 


OBJECTIVES 

When  you  have  completed  this  text,  you  will  be  able  to: 

1.  Define  an  internal  combustion. engine. 

2.  Identify  the  major  components  of  an  automotive  vehicle,  with  70% 
accuracy. 

.3.  State  the  purpose  of  the  components  of  the  major  systems 'of  a  vehicle, 
with  70%  accuracy. 

4.  Identify  the  types  of  hardware  used  in  automotive  vehicles,  with  70%  , 
accuracy. 

5.  Identify  the  tool  used  to  measure  the  threads  of  fastening  devices. 

t 

INSTRUCTIONS 

This  program  presents  information  in  small  steps  called  "frames.  "  After 
each  step  (frame)  you  are  asked  to  select  a  correct  statement.    Use  a  pice 
of  paper  or  card  as  a  mask  over  the  material.    Slide  ihis  mask  down  the  page 
until  you  expose  the  top  of  a  short  line  of  slashes  (///////////////).  Read 
the  material  presented  and  mark  your  choice  of  statements  by  circling  the 
appropriate  letter  or  number  in  the  frame.    For  matching  type  questions  or 
for  statements,  the  answer  will  be  written  in  the  space  provided  in  the  frame. 
After  you  have  marked  your  answer,  slide  the  mask  down  until  the  answer 
space  is  exposed.    Check  your  answer  against  the  correct  one  given.    If  you 
are  correct,  go  on  to  the  next  frame.    If  you  are  incorrect,  read  the  frame 
again  and  reason  out  the  correct  statement  or  answer. 

There  is  no  time  limit  on  this  program.    Take  your  time  and  follow  the 
instructions  in  each  fram.e  carefully. 
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0.  SLMtrlo.aotor. 

lllllllllllllllllllllllinillt 


 r-  ^   2. 

L  *- 

Auton6bilM  )m  a  pomr  ^UBb  dMl9M4  for 

a,  Ijstonul  eondbiutloii* 

b.  axtomal  eoAustloiu 
o,   siMD  pGwsr* 

d,   aleotrio  powar, 

iiiiiiiiiiiiiiiiiiiiiiiiiiini 


Xou,  aa  a  notor  irahicla  nachaidc,  vtU  ba  concerned  *i***.»^r*J^^JJf 
iad  mates  of  ai«iiiaa.   Oaa  of  tha  thinga  you  will  ba  conoamad  with  t«  *ha 
f»ct  thit  autoadbUa  angiaaa  naki  U  strokaa  to  oanplata  ona  cy83a.   Tba  Igrpa 
poNar  jOaat  that  you  win  ba  repalrlag  will  ba  an 

a.  lAtarnal  eowbuation  1  atroka  eyeli  angiiia. 

b.  lotanal  coinbuatloii  U  atroka  oyola  angloa* 
o,  axtenal  oombuatloa  1  atroka  cyela  anglaa. 
d.  •Ttamal  ceribuatlwi  U  atroka  cyola  aaglaa. 

IIIIIIIIIIIINIIIIIIJIIIIIIIJII 

# 


OIL  MCSSUflt 
WautATOH  OH 


i 

•CAfltflO^ 

1  Otb^S 

/ 

1    riui  g 

CMNK  SH4rT  OHILLCO 
FROM  NUiN  BCARINO 
TO    CONftCCTiNO  ROD 


AHHOWS 

IMOlCATC 

omccrioN 
Of  OIL  rto«r 


////////////////////////////// 

So  rtspoose  oalltd  for. 
Go  to  tbt  next  traM* 


ThB  syatam  that  proTldBe  Xubricatloa,  alda  in  cooling  onglna  parta,  and 
halpa  to  prtrmxA  friction  la  tba 

a*  cooliag  sjatcm. 

b«  igmtioa  «y8t«ai, 

m 

Cm  labrleatlon  ajratan, 

Am    foal  878t«R« 

/i/iiiii/niiiii/iiiif//ifn/i 


1  ^ 


4 


4i«Mmd.  All  iiit<tiMtl  omi»mt%m  wng\rm  bora 

«  tr«^       foil  m^mm  dS^MM  Mm, 


^  Air  ClUHtr 
^  C«rtMrei«r 


To  combustion 
chamber 


Carburtw 
Su|iplf  Tufa* 


Pttn^'  tabs 


tank 


«•   Thi  imX  stope  «t  th«  offboretcr.  > 
b«   Ths  fuel  iM  eoBsomd  in  the  oonbu^icn  chambera* 

c,  Tha  fuel  pu»p  doea  not  allow  £^lel  to  go  to  the  carburetor. 

d,  Tha  air  cl^aaar  filtars  tha  fuel. 

////////////////////////////// 


b. 


» 


Tfaa  flTstw  ra8ponai>>la  tor  dallTarlJig  fual  to  the  engL 
choaber  la  tha 

a.   foal/Air  mljctura  sgratea. 

b*   oaspbaratioii  •ysten* 

o.   tml  ayttcau 

toMl/Bir  mterlag  systen. 

tiumiiiiiiuiiii/iiiiiiitii 


ae  eondbQartlon 


\ 


8* 

rmttlb  of  thi  optrmtioA  of  t  .^eaplfttt  sjitts.  Tbt  onmat  for  thlt  IgBltioB  Ij 


fooX«  Start  nith  tbi  bytUry  mA  t 


md  trooo  tho  virlag  to  tbo  oorifattttioa  chmitikr. 


ERIC 


Thi  STStfloi  thot  Ig&ltas  tho  fiioV<^ir  mixturo  In  ths  ccnbiLstioci  chamber  is 

ths 

«•    ignition  sTBtem. 

b.  elactrical  ayatam* 

c.  spark  plug  system. 

d»    l«:nltion  coil  systam. 

////////////////////////////// 

i 

 a^  

9. 

Tgnltlng  tha  ttMl/^ir  adjptux*  at  a  pra-datamlaad  tina  vith  a 
■iaad  anocnt  of  toltaga  ia  tha  fuxietio&  of  tha 

altamating  cozront  ayatam. 

jb«    diraet  ourrant  ayatam. 

0*    ignition  ayatanu 

d«   alaotrlcal  systam* 

J///////////////////////////// 


U  to  kitp  an  iRflM  opwtlaf  «t  It*  aott  •ffiolaafc  tii^iw«tt«  mOtit 


^  loai  eoatttiooB 

336 


Ttdfl  ^aten  is  called  the  MxgliM 

a.  bsAttng  florstA. 

b.  ooollBg  systan. 

c.  watar  pump  aystam. 
d*   radiator  syntm, 

lll/llllill/tlHI/lllllllllllll 


Tba  purpoaa  of  tba  angina  cooUag  syBtan  la  to 

a*   aXlbw  tbi  angina  to  oparata  at  Ita  aoat  afflclont  tamperatura  un4«r 

aU  load  oonditlanr. 
b.   kaap  the  angina^  fw«  aver  getting 
e.   loaep  the  engine  fm  gettblag  tob  eo3d« 

d.   cool  the  angina  only  whaa  It  U  ondar  a  great  load  in  extreweajr  hot 
Heavier* 

ifniiiniiiitiiiiiiiiiNiiiii 


32. 


Uwi  mth  tte  M4Ui»d  MooBt  «r  toltact.  parapirS/  oU  all  tte  Mtag  pvrtt 
load  eoBdltlm.  TteM  tw  vfttwrn  m  oMslf  vliUnMd  to  oa  tte 


13. 

Tte  tfpeltLtm,  fuel,  lutriootloa*  «ad  oooUxig  sTateao  aro  tte  teale  «7«taini 
of  tte  TBhiola 

a,  power  train* 

b.  oparatiag  syatama* 
e.    poNttr  plaat. 

d«    powar  syatana* 


ignitioiif  fual^  liibrioatlon«  aad  teaka  aarataM* 
i0[iltion»  Axal»  lubrioation^  aad  oooUac  ayvtaaa 
IgDitloa^  taaly  alaetrloal«  and  oooljAC  ivvtana* 
l9dtleB«  aOaetrloal,  t^^wratiafa^  aad  tml/tAr  i 


////////////////////////////// 


////////////////////////////// 


Ceafelam  en  atst 


^e^TM  io  yott  wlOl  bwa«  fmilUr  vith  tfai8«  typ*»  of  « 

OIL  f  M.I.CII  TUM 


Figure  1  


>ERIC 


iiiiiiin/iiiiiiiiiiiiiiiiiiiii 

Qo  OB  to  tbi  Bttci 
lo  zvtposM  rsqtilrsd* 


35. 

Tk»  fram  oir  a  Tvhleli  1«  ooaatruotad  of  ohannil  or       shaped  staaX  that 
mist  be  atroae  mougb  to  support  all  tte  VtthioXt  oonponanta.  Which  of  the 
dlagraiQe  below  is  that  ot  a  vshiela  fraae? 


iirttMetia^ 


a. 


b. 


 m   ^ 

0. 


ERIC 


iiiiiiiiiii/iiiHimjiiiif/iii ' 


0* 


b.  iprtJig  type  fteol. 

c.  ehaaoal  or  "U"  shapod  steol. 
d*    eafft  Iron* 

iiiiiiimiiiiiiiinnm/iiii 


17. 


supporting  ths  volght  of  tha  tehiol*  they  are  dealgned  to 

«.    absorb  road  thock  and  withstand  vibration  and  twisting. 

b.  onclose  tha  passenger  and  cargo  conpartanents. 

c.  create  vehicle  design  and  3t7ling. 

d.  ^provide  a  rigid,  non-flexibls  platfom  for  the  vehicle  components. 

iim/iiiiif/ii/miiiiiiiiiii 


a. 


18* 


In  the  diag™  bel'oir,  note  the  engine  supports  and  how  ^^e 
.a"  sSpirfr™™tarUl'ls  responsible  for  supporting  the  engine  i«ight. 


/////////////////////////////// 

Oo  to  the  next  frans. 

Ho  response  required,  here. 


////////////////////////////// 


e*  

21. 


StabiOlsar  bars,  which         a  veW-clB  f««J«»^ife» 
the  f       wheel  auapiisiMi  a.a«nbly  aad  the  flroat  of  the  vehicle  trum.  In 
the  diagram  below,  identiflr  ths  stabilizer  bar. 


Th»  nvbieU  suaptation  9jwtm  ooMisti  of 

 fwi^  wglaff >  and  aliook  «hacrt»rg«  _  

b«    tpriiigBy  fltaarliig  apparatoa^  fraaif,  aad  toraioa  bar* 
e.    sway  bar,  torsion  bar«  frtna,  and  stabiHiar. 
d,  aprings,  shook  abacrban,  aad  stabillsar  bar. 

////////////////////////////// 

  d^  

23. 

Springs  )»lp  support  tl»  vai^ltt  of  a  ^hioXs,  shook  abaorbars  regnlata 
ths  spring  rebound  and  comprasslo&y  and  stabiUaar  bara  keep  the  irahieSa  from 
awaying  exoaasl'valjr*   Thasa  eoopooazita  naks  up  tfaa  suspansioa  sjrstaat  of  a 
TBhiclB  and  coUsctlTBljr  ars  dssigkwd  to 

a*    coonect  the^frDpit  whaels  to  the  frame. 

b.    perait  the^  opariator  to  ha^e  directional  control  of  the  tahide, 
c«    stabilize  tte  vahicla  aad  aid  in  steering. 

<U    keep  the  -yehicle  la.le-wal  position  regardleas  of  load  oonditicn. 

////////////////////////////// 


0, 


it  wotbtr  tywtift  oT  «  whiol*,  ThU 


b,   •teerjjig  ^tinu 
d*   oparating  sfBtom. 


iiiiiiinniiifni/ufifniiii 


b. 


26. 


The  operator  n«t  he7«  directional  cootrol  over  hie  chicle  at  all  tl»a, 
The  systen  which  pemita  this  directional  control  is  the 

a«  euspenaion  aTstaou 

b,  power  syetein. 

c.  steering  aystam. 
d«  Ughtinc  <:yvt«n« 


iiiiii/iiiiiii/iuiiiiniiiiii 


in  ' 


27. 


Tfas  porpMs  of  tte  ^Moli  ttMriag  i7«tw  is  to 


b«   •tabiUst  tte  tsbiola  uadsr  ^XTlag  lotd  eonditlons. 

0*   pazmit  tte  tihloXs  to  adapt  tb  road  oonditioos. 

d«    pezmit  tha  opantor  to  have  dlraotional  oootrol  omr  tfa»  7ahlo3A 

IllllUIIIIIIIIIIIIUtllllllll 


28. 

Tha 

wfalela 


baloir  dapiota  atlU  aaotter 
doea  it  ataflwt 


878taB  of  a  Tafalola*  Wbioh 


a*  Stai^rlJig  ayvtan. 

b«  Braloa  ayataau 

e*  Suapafliaioti  aiTBtaa* 

d*  Orlva  i^atA* 

Hiiiiiuiiiiiiiimtii/iuiu 


1  f3 


ERIC 


llllllllllllllllllllllllllllll 


30, 


Although  tl»r«  ap»  mwiar  typoa,  all  bralw  syBten* 

a.  alow  or  stop  a  wMiig  whicl*. 

b,  halp  staar  a  V9hic3«« 

0.   aid  i»  "whlcla  suapanaloa. 
atabiliza  a  whlcla  i»  notion* 

iiiiiiiiiiiiiiimiiiiiiiiiiii 


are  dasignad  to 


TO  aoci^t  m  with  ths  »a3ar  ^^tS-^'^JSllriiSl^^^^ 
diagram  beloir  to  see  hoir  all  ccnponairta  ^*  ^^S^"  't!^ 
how  aU  thi  cowponanta  an»  comctad  !»  soriaa  from  tha  ongifle  au.  T.na  nay 

to  the  drivl»3  axles. 


Jropeller  / 

Differ  At  ial     Shaft  / 

/  Transwlition 

ttoi'vanal 

Joijxts 

iiiiiimiiiiiiiiiiiiiuiuiii 

Oo  to  ths  aaxt  t-nm. 
iro  rasponse  t^qixf^Jcmf* 


Chi  olaxtoh  la  a  t^ldoU'i  pamr  t»la  U  a  frioUoa  tjp*  coMjotiott 
betHM  thi  tnglitt  »d  tbi  tnaadttion*  Tte  purpoM  of  tte  olutoh  if  to 


b.  thB  iropoUjfr  shaft  to  or  f»  thi  dlffftzwtdAl. 
0*   or  dlMoaB0et  tfat  ttwm±mim  to  or  fm  tte  ^iff< 
d«   or  dijoooMMt  tl*  oagte  to  or  txam,  tte  truadssloo. 

////////////////////////////// 


33, 

Siaee  tto  olatoh  la  a  tolJlol»»o  poMWf  tr»l»  Is  o»*d  to  eoMOt  "d  dio- 
eoaiaot  tlB  «Bgia»  from  thi  traaaaliMlon,  tt  nust  be  locatod  bo^iooa  %t» 

a.  traaffiUaloa  and  dlf ftroiitlal* 

b,  erngtne  add  traaaalssion* 
traaaaiatlon  and  propallar  abaft* 


d«    propoUsr  shaft  and  tla  dlff«raxiblal« 

l/llllll/llllllll/l//ltllllll/ 


b. 


3U. 

Tto  part  of  ths  thiols 's  powr  train  that  la  daaieaad  to  oonaoct 
diaconiaact  the  traaawission  flom  tha  angino  la  tha 


a* 
b. 
o« 

d. 


difTerantial* 
trananlsaion. 

elotoh* 

prop6ll»r  shaft, 

/lllll/l/IIIIIIUIIIIIIIIIIIII 

o« 


35. 

Wtea  tfas  cltttch  is  aacaisd  bgr  tha  Tohlels  oparator  a  o^iblnatioi  of 
gaars  az«  aat  la  notion*  Thaaa  gsars  ara  oallsd  tha 


a,  traasniaaloa* 

b.  diffaraatlal. 

o«  gsar  raduetion  unit. 

d«  spidar  gears* 


HIIIIIIII1IIIIIUIIUIIIIIIII 


 tvliiffli  op»i^t«r  iirtm  MM  ptiUlBg  pMtr       2«M  t^Mdi 


0, 


Ttoi  trtaMlMlon  pmidia  a  mw  tot  ooimfttlnc  and  dlgooamotlm 
thi  a^la*  ta»  or  to  tfai  dltClirtrtial* 

propaUar  ihaft  to  or  fxon  tb*  dlf fomti«l« 

Thi  traamljoiott  jroridao  for  *  wlotar  of  opood       poi^  solactloao, 

lllllll/llllllllllllllllllllll ' 

d.  _ 


37. 

Solactliio  goar  naohaaioal  traawiissioaa  ha^o  to  ba  ahiftjd      **»  T^^^ji* 
I  ooarat«7  S^^Sioa-a  aqolppod  with  autOMtlc  traMidaaioM  thla  ahiftlag  la 
'  SSSTaSiwSoIlS^  riqSia  thit  tto  oparator  do  ^^^.l^^l^^ 
Mlaotar  loimr  iTa  forwuJd  or  ra^raa  poaltioxu    In  aay  oaaa,  all  traaanlaaloM 

aro  dealgaod  to  provldi  a 

a«    wriaty  of  spaad  aad  power  ratloa, 

b.  Tarlaty  of  dlffaruiklal  raUoa. 

c.  gprrt^x^g  and  dLaconiBctlag  point  balwoen  tha  traaawlaalon  and 
dlftarsatlal*. 

d.  oonnaetlag  and  diaoarmectiag  poUit  bati»«i  tto  dlff»r»otlal  wid  tha 
(frlTlng  axlaa. 

////////////////////////////// 


ERIC 


Tha  drlTlag  axlaa  of  a  tahlcls  rely  on  tha  differential  for  their  aource 
of  powers   Thi  dlffereatUl,  then,  ^»  dasi^d  to 


a«  Oliver  poirer  to  the  driving  axlsa. 

b.  <tel±7er  power  to  the  traawdaalon. 

c.  deliver  power  to  the  propeller  ahaft. 

d.  (tollvar  pouar  to  tfai  dwul  uclM, 


/////////////////////////////// 


a. 


n » 

J  i 


Tte  diXrartatlkl  lA  a  tsUoXb*!  pownr  tniA  im  dttwigmd  to 
ooBiaet  tad  dlMonmet  tte  pvopallar  «hmft, 
1}«   oonmeot  or  diaooaaoMt  ths  truwlsaloa. 
0.   traaanit  poNvr  tlroogh  90^  to  thi  (faritlBg  axXsfl. 
(1«   traiiflBit  powvr  through  90°  to  tfas  pvopaUar  thatt* 

////////////////////////////// 

0.  

Thi  hood,  grlUa,  and  laaldo  fwodor  paaolj  of  a  v«hielB  body 
to  houM  tbi 

ptasomgor  compartnant* 

b.    oargo  ocaipartmant, 

o.    powor  train. 


ara  dtaignad 


d.  anglzM. 


////////////////////////////// 


Moat  vahiolaa  ara  aqaippad  «lth  a  pL^a  to  atora  Itav  whloh  ara  nat 
SMvaUj'  earriad  1b  tte  paaaaagsr  ooBpartMnt*  Thia  araa  la  aaoloaad  hj  tte 
XMT  daok  UAp  lam  valla  ot  tfaa  raar  faadara>  and  oo&talac  a  apara  tlxa  and 
"  iMnaAlaga,  Tka  araa  la  oaUad  tba 


a*  paaaaagsr  compaz'taMait* 

b«  aaglaa  ooapartnaai* 

o«  oargo  oflMptftaMtt* 

d«  oparator  eonparteast*  ^ 

■  ////////////////////////////// 


iiiiiiiii/iiiiiiuiiiiiiiiiiiii 


10. 


*  o 

ERIC 


Thi  PM*  or  *  tihiel*  wMoh  bM  «  hood,  8^11*,  dooTB,  iri^dow,  . 
\M  tho 

a.  pftM«agor  conptrtwi*. 

b.  votdolB  body. 
c«    cargo  comptrtnBXit. 
d.    engine  ccmpertaent. 

iiiiiiuiii/iiiHinriii/iini 

b. 


Anything  inatiLLled  on  a  Tehicla  for  mr«  o<«if»t  rather  Jh^^^J;*  f""**' 
tial  tSttoSpiratlpn  of  the  Tehicle  1*  celled  en  tecceeeory,-   Seleot  the 
fftatemexit  below  which  defiaee  eeceeacBriee. 

Acceeeoriee  ere  it«i  such  ee  heedlighte,  teU  llghte,  borne,  end 
windshield  wipere. 

b.  Aocaeeorie.  ere  each  itene  ee  tlree,  batterie.,  and  fendere. 

c.  Acceeecplee  are  euch  ita«  ae  aehtraye,  cigarette  lightere,  radios, 
and  heaters, 

d.  Accessories  are  s«ch  items  as  Instwiwnbs,  gsar  shift  Jeimrs,  and 
tom  sigaalft 

IlllllfllUI/lllffll/lllllllll 


Threa«hoixt  tte  i$w^  «tttoMtit«  iai^iaittf  o«rt«ia  tmt  and  plnM«  fmm 
bMB  aoMptfd,   For  mMpXtt  If  fotk  mt  tl»t  •  pltUft  lA  «&  •aglM  •OQIi 


a.  StatmiMeta  asaeribljag  gixwrftl  fiota  or  ooadltlcas. 

b.  Kaaialj  diter&btng  gsBanl  ropair  UmtruetlooM. 
e«  Kanualtf  teaoribiac  cansral  orarhaul  iMtr^sotloBS. 

d.  Free  las  nBaauraiaanta  used  aa  guidoa  to  naka  adjuatiianta. 

////////////////////////////// 

d. 


U6. 

Wtea  yoa  raad  a  rapalr  aaiiual  or  ahop  manual  that  tallj  you  that  ttoa 
braakar  polata  la  a  distributor  are  aat  at  »030  of  la  laob,  aad  ttet  apark 
plugs  are  gapped  to  .CSS  of  an  laeh,  these  neasuremaots  are  raferrad  to  as 

a.  specifications. 

b«  meastrementB  in  general. 

c«  settings  in  general, 

d,  calibrations  in  gewral. 

////////////////////////////// 
a. 


U7. 

Specifications  are  defined  as 

a.  nBasureinents  in  general. 

b.  precise  and  exact  neasureneats  used  as  guidea. 

c»    repair  or  shop  that  tell  the  gap  setting  for  spark  plugs 

d.   statffloants  describing  general  conditions  and  facts  about  the 
vehLela* 

////////////////////////////// 
b. 


Since  begimiag  this  prognsi,  jou  hatv  beea  devoting  laoat  of  your  tins  ana 
efforts  to  aaaraing  some  of  the  tenaiaologr  associated  with  autcmobilAS  la 
fSMral.   For  ths  »xt  series  of  franss^  you  will  Imxv  a  few  of  the  Itaas  whioJt 
Mp  hold  thU  autoaidbile  t6gath*r*  As  you  probsbljr  tawir,  autoBoUTS  parts  are 
•ntnMad  vlth  soea  sort  of  fastsaar*  thm  are  jaaajr  diffezvab  types  aad 

V 


daslfM  of  f asisBsrs,  so  begia  by  stu^rlag  sons  of 

ERiC 


1  stud  1»  •  tjfB  ^  Mmmff  Msmd  w  •  iHwk  «itli  tjawte  m 

each  ettU**   la  tbi  flgaxM  ihoim  baloiri  Idrafelfy  tte  itod. 


1 


m 


) 


/////////////////////////////// 


50. 


A  headlttss  shazik  with  threads  on  each  end  is  a 

a.  hax  bolt. 

b.  cap  screw. 

c.  machine  screw* 

d.  stud* 

////////////////////////////// 


51* 


Bolts  are  rods  having  a  head  ooi  one  end  and  threads  on  the  other  end; 
nuts  ax9  perforated  blocks  with  Internal  tteeads.  Huts  are  designed  to  be 
screwed  onto  bolts.    Identiiy  the  nut  and  bolt  assembler  in  the  figures  below. 


b. 


IIIIIIIIIUIIIIIIIIIIIUIIIIIII 


¥2* 

A  rod  tevlAg  «  faMd  OA  m9  end  «ad  ttarMd9  aa  thm  otter  and  la  a 
a*  atod* 

0*  bolt. 
dm  rlTBt* 

////////////////////////////// 

— 

A  perf ozatad  block  with  Intamal  tlreada  la  a 
a*  Bst* 
b.  lookmshar* 

snap  rlag« 
d»   oottar  pins* 

////////////////////////////// 


A  acrow  is  a  cylindrical  rod  ha-viztg  a  eontiziaoua  teUeal  rib.    It  la 
slnllar  to  a  bolt  excopt  ttet  tho  tireaded  and  is  tapored  to  fit  a  tapped 
hols.   Tfas  screw  does  not  require  a  not.    Screws  are  used  to  faatan  such 
Itaras  as 

a,  angina  teads  to  blocks, 

b«  sheet  metal  togetter* 

c«  ahoea   to  brake  drums. 

d.  transRilssion  houalngs* 

////////////////////////////// 
b. 


55. 

The  diagrams  balov  abov  sob*  of  the  typaa  of  aexms  you  as  a  nechanle 
i^y  be  roqoired  to  use*  Sta^y  tte  dlagrana  carafliUy  so  joa  can  readUy 
reoog&iza.dlffaraxft  typaa  of  screws  and  screw  teada. 

Rooad  Head         Socfcat  Head  FlUlater      Blading  Croaa 

Bead  Head  Head 


1 

////////////////////////////// 

Q  Oo  to  next  fl'aui* 

ErJc  rtapoBM  vaoulrad  ter*. 


eonm  types  of  imsten  art  plain  vaahww  «J^;»'  ^.TS^*?!! 

V  a  solid  ring  of  vtal  whioh  foaia  a  seat  for  ths  hiad  of  a  bolt  or  ait. 
Look  iiaaters  arS  oithw  a  solid  or  broktt  riac  i»tt«hf  ^  eonprsssad,  proiPMitt 
a  bolt  or  ant  fr«i  loowniag«   Look  mhnrs  m^^a^caad  to 


pK«Y«nt  a  eotterpin  f^  slipping, 
be  used  the  sans  way  as  a  snap  ring* 


do  tte  sans  job  as  a  stud, 

////////////////////////////// 


57. 

TfaBse  tteee  types  of  lodcwashBrs  are  the  most  eamoi  types  in  use  in  the 
automotive  induatiy.   Look  at  ths  pictures  and  faadlisrlze  yourself  wxth  these 
different  types  of  loekHashsra. 


Types  of  Loctorashers 

/////////////////////////////// 

Go  on  to  the  next  fras0« 
Ho  respoBse  required  be  re. 


58. 


Tte  diagram  below  shows  a  riwt  before  use  and  after  it  has  been  used. 
Study  the  diagram  carefulOy  and  tton  answer  the  question  stated  below. 


Which  of  theses  rtatenente  is  true? 

a.  RiTets  are  a  laaded  shank  with  tlreads  that  must  be  pressed  or  beat 
ijito  a  permanent  adfaerenoy. 

b.  Rlwtfi  m  a  hoadsd  shank  with  no  threads  that  are  beat  or  pressed 
to  f  cna  another  pexvsnent  head. 

c.  Rivets  aw  bsadless  shanks  which  are  beaten  or  pressed  into  plaoe 
and  are  temporary  in  nature. 

d.  Rivets  are  not  strong  enough  to  hold  tw  or  more  pieces  of 
aBtexial  together. 


////////////////////////////// 


$9. 

Smm  ahafto  ar*  Mmfaotartd  vlth  «  groo^  est  troaiid  tfaau  After  all 

a.  ankilM  aotinnt  of  m  gear  or  collar  on  a  ilian. 

b.  a  shaft  fron  tuzBlag  aftar  tfaa  gtars  hava  baaa  inataUad, 

c.  th«  gaar  or  collar  from  tarnlJig  aftar  It  haa  ba«i  iBBtaiaad* 

d*   aachrlM  nowrasnt  of  a  shift  aftar  lAstallatloa  of  gears  or  collars* 

iiiiiniiiniiiiiiiiiiiii/ii/i 


60. 

Plgora  A  balow  shows  tha  two  types  of  snap  rlags  (extenial  «id  Intanial). 
Figura  B  shows  an  iirtanial  snap  ring  (ooaponant  #1)  which  fits  lata  an 
Internal  groo^a  nachiasd  in  one  of  tha  other  oonponants.   An  extaiual  saap- 
rlng  would  fit  Into  a  groore  on  the  exterior  surface  of  a  oonpcnezxt* 


Figure  A  Figure  B 


The  purpose  of  extersal  or  internal  anaprings  is  to 
a.    preTant  a  shaft  or  other  cosiponent  from  hiding  enirlBe  »ovB»nt. 
h.   pravant  a  shaft  or  collar  from  turning* 
c*    pre'vent  a  gear  from  ttming  on  a  shaft. 
dU    pivtaat  a  shaft  or  ooUar  f rcn  norlng  in  any  direction. 

//////////////////////////////  / 


a. 


Cotter  plM 
nvUl  plA  vfaloh  is 
my.  Uhtt  la  tht 


of  tbi  oottw  pto  1»  tl»  flriro  •faoim  \mlm. 

a«   To  boXi  th»  belt  ia  pLnso. 

 "  


To  teap  tbo  aat  f raft  dattglng  tht 
bolt  tkreads* 

To  kMp  thi  nut  frm  vobbllJDg  and 
tb*r«b7  XQlaiiig  tto  xnt  threads* 


iii/iini/iiiinuniiiiniiii 


62, 


Metal  pUw  which  are  iawrted  in  a  hola  and  spread  tuo  ^aye  to  keep  wxta 
If  rem  looeettLng  are  called 

a.  snaprtnes. 

b.  rivets* 
c*  studs* 
d.    cotter  pisas. 

Iflllllllll/lllllllll/llllllll 


63. 


Threads  are  measured  by  their  diameter,  with  the  number  of  . 
ij^h  iSS^xminJ^g  the  t»read  pitch,   ^h.  relationship  of  a  b^t  «r  studthread 
to  its  counterparts,  the  mt  or  tapped  hole,  refers  to  its  fit.   The  three 
[things  that  should  be  kaam  about  threads  are 

a.  circianference,  angla,  and  fit* 

b.  diamater,  circumference,  aa^  angle, 
c*  diameter,  fit,  and  pitch, 
d*  angle,  pitch,  and  fit. 

iiiiiiuiiiiimiiJiiJiiiiiiii 


ERIC 


of  A  belt  or  oerw  tlrMd,  you  should 
vlth  tbi  largost  port  of  ttas  ttTvadod  aroa, 

thffitTifl  it  tli»  -  -  


a.  teadlosa  end, 

b.  first  turn  of  tbs  thread  nearest  the  headless  end* 
c*    last  tlvead  aaarest  the  heeded  end. 

d*   alddle  0/  the  bolt  or  screw. 

/////////////////////////////// 


65. 

The  number  of  threads  per  Inch  of  a  bolt  is  dstexvined  by  use  of  a  screw 
pitch  gauge*   Number  of  threads  per  inch  refers  to  the 

a«  length* 

b«  diameter* 

c.  coarseness* 

d,  pitch. 


////////////////////////////// 


66. 

Look  at  the  diagram  of  the  screw  pitch  gauge  as  shown  below*  Vbenjthe 
blade  of  the  screw  pitch  gauge  fits  the 
threads  of  a  screw  jon  ha-ve  dete  mined 


th» 


a*  width  of  threads. 

b«  coarseness  of  threads*  ^ 

c*  threads  per  inch* 

d*  length  of  screw* 


/////////////////////////////// 
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Tte  iMtiwBt  nstd  to  oteok  tte 

pitch 


of  ttCTxii  pMP  lash  it 


c«   aa  outaldi  calip«r« 
d«   an  iMlda  caUpar* 

luitiiiiiiiiimiiii/iiiiiiii 


«Pit,"  partainlJig  to  a  bolt  and  nut,  sa^ljr  awaaa  that  tht 

a.  nut  and  bolt  hava  dlTfamit  tjpM  of  threada. 

b.  xaxt  and  bolt  haim  the  aani  aiaa  and  Idnd  of  thraada, 

c.  nut  has  largar  tlreada  than  tha  bolt, 
bolt  baa  larger  thraada  than  the  mt. 


iijiiiiiiiiiiininiiiiiiiiiii 


b. 


Thi 

i3  the 


relrtionahip  of  tte  bolt  tlreada  to  th^  nut  or  tapped  hola  threada 


a«  pitch. 

b.  nt. 

c.  diameter  < 


d.  aiae* 


iiiiiiiiiiiiiiiiiiiiiiifiiiiii 


i 
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70. 


tmym  aiv  used  to  loek  gMTs,  pull«78,  ad  coUxra  to  atmttm^   Flgors  ▲ 


ThB  gsar  or  pullaj  has  a  groo^  wlxioh  fita  this  exposed  portion  to  keep  tte 
img9d  ecBponants  turning  togetfa»r*  Stud7  figure  B  then  assMer  thi  qoestioa 
below. 


Figure  ▲* 


.  wurr 

NUT      \  ^ 

AOCKWASNBI 


akmatuh 


Figure  B. 


In  figure  B,  when  the  unit  is  aeaemblBd,  vhich  component  will  he  keyed 
en  the  aznatore  shaft? 

a.  Hat. 

h.    Lock  vaeher. 
c.  Pulley. 

d«    Hone  of  the  components. 

////////////////////////////// 


Keys  are  designed  to 

a.  force  a  pulley,  collar,  or  gear  to  tuin  with  the  shaft. 

b.  force  a  pulley,  collar,  or  gear  to  tuin  independently  of  the  shaft, 

c.  force  a  shaft  to  turn  independently  of  the  gear,  collar,  or  pulley. 
d«    bold  a  shaft  In  a  stationaiy  position, 

////////////////////////////// 

i 
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JThit  protraiMMd  cext  wm  designed  for  us«  la  aABR47330,  Auto^ 
aiotive  Repairman  course.    The  text  was  validated  In  1964,  using  30 
fttmlenCH  fnm  the  subject  course.    At  lert«t  902  of  the  ntudentii  used 
li>  Llio  vaitdatLoii  exercise  achieved  the  object Iven  ns  stated.  Tliu 
text  liaM  beeti  used  In  several  other  ABR  courses,  anti  has  trained 
approximately  5.000  students.    It  is  considered  to  be  still  valid. 
Satisfactory  performance  is  demonstrated  by  achievement  of  8SZ 
on  a  written  test, 

OBJECTIVES 

After  completion  of  this  programmed  text,  you  will  be  able  to: 

1.  Select  the'  correct  name  of  each  type  of  hanaer  shown. 

2.  State  the  correct  use  of  each  type  of  haaner  shown. 

3.  Identify  each  type  of  screwdriver  shown. 

t. 

4       from  a  list,  select  the  correct  use  for  each  type  of 
pliers . 


3.  Hatch  a  list  of  names  of  wrenches  to  the  wrenches. 

6.  Identify  the  names  of  files, 

7.  Select  the  correct  use  for  each  ^ype  of  chisel  shown. 

8.  Select  the  proper  hacksaw  blade  for  any  given  task. 


INSTRUCTIONS 

This  program  presents  ioformation  in  small  steps  called  "frames. 
After  each  step  you  are  asked  to  select  the  statement,  natch  items, 
or  otherwise  make  some  sort  of  discrimination.    Use  a  piece  of  paper 
or  a  card  as  a  mask  to  cover  the  pxlnted  material.    Slide  this 
mask  down  the  page  until  you  expose  the  top  of  a  short  row  of 
slashes  (//////////),    One  small  step  or  "frame"  is  now  exposed. 
Read  the  material  presented  and  make  your  response  as  directed  by 
the  instructions.    Slide  the  mask,  down  and  compare  your  snswer 
with  the  correct  one.    If  your  snswer  is  correct  gj  on  to  the 
next  frame;  if  you  are  wrong,  read  the  frame  again. 


Fran*  1 

Vtmmn  ar*  tooU  coiiAUUni.  of  •         «a4  m  haadl«.  Each 


Match  the  hanner  shoira  above  the  nomenclatures  belov: 


 ^Sledge,  hand,  double  face,  5  Iba. 

_  Hammer.  Iiand,  maiMilnlst,  ball  peen,  1  lb. 

 ^fianner,  hand,  face  diameter  1  1/2  Inch,  acrew-in  Inaerted  face. 

plastic,  1  1/4  lb. 

//////////////////// 

C 
B 

)  A 


Frame  2 

Hamaers  are  generally  claaalfied  as  "hard  face"  hammers  and 
"soft  face"  hammers.  Hard  face  hammers  are  made  of  steel.  Soft 
face  hammers  have  a  face  made  of  material  softer  than  steel,  for 
example:^ lead,  plastic,  and  rubber. 

Hammers  are  further  classified  according  to  the  weight  of  the 
head  (without  the  handle)  and  they  range  from  4  ounces  to  20 
pounds  in  size. 

Answer  each  of  the  following  statements  as  either  true  (T)  or 
false  (F). 

Haoner  size  is  determined  by  the  weight  of  the  hanner  head. 


Soft  faced,, haasBers  are  made  of  ateel. 

Bard  faced  hanars  are  aa4e  of  such  materials  as  lead,  plastic, 
or  rultber. 


//////////////////// 


huncra.    Read  tach -icaccMot  md  than  anaiMr  th€  mtchlng  probUn. 

1.  Om  of  th*  b««t  gmral  purpoM  hM«r«  U  thm  ball  pm 
haoBttr.  Tha  roundad  and  la  known  aa  tha  "paanlns  end"  and  la  uaed 
by  auto  nadtaaica  to  fora  gaakata* 


Ts  ara  uaad  whara  ataal  haaatra  night 


2.  Tha  aoft  facad  hj 

mar  or  Injure  the  work. 

3.  S ledge  hananara  ara  uaed  only  ^are  heavy  bloira  are 
neceasary. 


Match  each  of  the  hanmara  In  coluan  B  with  the  proper  uaa  in 
coXunn  A. 


Column  A 

Used  where  heavy  blowa  are  required.  A. 


^Uaed  where  ateel  hannara  may  mar  tha  B. 

work. 

C. 

Used  for  forming  gaskets  and  other 
light  work. 

//////////////////// 

C 
B 
A 


Colunan  B 

Ball  peen  hamner. 
Plaatlc  face  haamer. 
Sledge  h 


Frame  4 

Screwdrivers  are  claaaified  by  the  typaa  of  points  they  have. 
The  screwdrivers  points  are:    common,  croaapolnt,  and  clutchhead. 
Study  the  illuatrationa  below  of  the  four  acrcwdrlvers  and  then 
answer  the  matching  queation  at  the  top  of  the  next  page  uaing  the 
letter  coded  illuatrationa  below. 

The  offset  screwdriver  has  a 
sharp  bend  at  each  end.  It 
has  flat  tips. 

Everyone  is  familiar  with  the 
common  acrewdrlver  -  it  haa  a 
flat  tip. 

The  clutchhead  acrewdrlver  atanda 
alone  in  that  it  doaan*t  raaamble 
any  other  type. 

Tha  croaapolnt  acrewdriver  family 
includes  both  the  Phillips,  and 
tha  Reed  &  Prince  typea. 

//////////////////// 


® 


Information  panel  peXy.. 


Fran*  5 


Hatch  th«  Iteas  shown  in  frase  4  |>rith  th«  nonftnchaCur*  b«lair: 


Scrawdrlvatf  crosspotat,  6-lnch  long  blade. 
Screwdriver,  flat  tip,  offset,  V  1/2  inch  long. 
Screwdriver,  cluccdihaad,  6-lach  long  blade. 

//////////////////// 


B 

D 
A 

C 


Frame  6 

A  screwdriver  is  similar  to  a  knife  in  construction  in  that  it 
consists  of  a  blade  and  a  handle.    Study  the  drawing  below  of  the 
screwdriver  and  answer  the  matching  question  below. 


i 


Match  the  items  lettered  in  the  drawing  above  with  the  state- 
raencs  listed  below: 

 Tip. 


Handle . 


Blade. 

Dimension  used  to  determine  the  specified  length  of  a  screwdriver, 

//////////////////// 

'  C 
B 
D 


Frmmc  7 


Study  the  drminga  bftlow' and  tima, 


 -    


TOO 
NARtOW 


TOO  THIN 


/////////////// 


7///////////////^ 


WIDE 
ENOUGH 


THICK 
ENOUGH 


Correct  amount  of 
pressure  mist  be 
applied . 


Damage  to  scrcwheada  and  screwdrivers  Is  reduced  when  the 
proper  sized  screwdriver  Is  used. 

It  Is  Important  that  the  correct  amount  of  pressure  be  applied 
to  the  screwdriver  when  Installing  or  removing  screws. 

An  offset  screwdriver  can  be  used  to  remove  screws  that  cannot 
be  reached  by  other  screwdrivers. 

An  offset  screwdriver  has  a  tip  like  any  common  screwdriver, 
except  that  It  has  a  sharp  bend  at  each  end;  this  is  why  It 
Is  called  "offset"  (not  In  line). 

iiimiiiiiiniiiin 
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Fraae  8 

.1 

Hatch  each  screwdrlvar  n«iwd  In  Colunm  B  with  the  prt>per  Item 

in  C9iin  A,  -  ^  -  ^  -  -  " -•-  -  


Column  A 


(5) 


Column  B 
A*      Offset  screwdriver. 
B.      Crosspoint  screwdriver. 
C«      Coflsnon  screwdriver « 
D.      Clutchhead  screwdriver. 


Used  in  tight  quarters  where 
ether  screwdrivers  cannot  get 
at  the  screw  head  to  be  turned, 


//////////////////// 


3 
C 
D 
A 


Frame  9 


Select  the  correct  answer: 

The  iaagth  of  a  connnon  screwdriver  is  determined  by  the 
% 

a.  length  of  the  blade. 

b.  overall  length  of  the  screwdriver, 

c.  length  of  the  handle. 

//////////////////// 
a. 
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Frame  10 

Pliers  are  available  in  various  typos  and  hIzck  in  the  mechanic's 

>OX  box  a  Th#V  Af#  Pr^tttAfl  tv  att  tffvtgnf»4  rtn    tt%   thm  Unrtti   tnA   a^^^a-  trttjm^ 

hold  a  material  which  the  hand  is  not  strong  enough  to  grasp  tightly. 
Pliers  are  not  intended  to  be  used       replacements  for  wrenches. 

The  adjustable  pliers  include:    slip-joint  pliers >  water  pump 
pliers,  and  vise  grips, 

A.      Slip-joint  pliers  are  the 

most  coiomon  typ€  of  pliers  - 
Icnovn  and  used  by  all« 

B«      Water  pump  pliers  are  the 
largest  of  this  group,  both 
in  size  and  In  jaw  capacity. 

C.      Vise  grips  are  technically 
referred  to  as  a  ^orm  of 


tMi,.Ts,  Oi>inl)  LiiaL  Li>u  slip  joinL,  7-inch. 
Wrench,  plier,  straight  Jaw,  8-inch. 
Pliers,  waterpump  packing,  10-lnch, 

//////////////////// 


Frame  11 


ERIC 


Water  pump  pliers  were  Originally  designed  to  tighten  water  pump 
packing  gland  nuts  on  cars  in  the  1920 's.    They  are  no  longer  needed 
for  chat  purpose,  however,  they  are  very  effective  as  a  "large 
capacity'*  holding  tool. 

Vise  grip  pliers  have  a  locking  device  on  one  jaw.     Once  adjusted 
and  "locked  on"  it*s  like  putting  an  object  in  a  small  vise.  (Hence^ 
the  name  of  vise  grip  J    This  leaves  your  hands  free  for  other  work. 

The  most  conononly  used'  pliers  are  the  slip-joint  pliers.  They 
also  serve  as  a  holding  implement. 

Match  the  most  suitable  type  pliers  to  use  for  each  of  the 
following: 


A.      Slip-joint  pliers. 

Water  pump  p?iers, 
C.      Vise  grip  pliers* 


_For  general  purpse  use  such  as 
bending,  holding,  or  twisting 
wire  or  metal. 

^To  lock  two  pieces  of  sheet  metal 
together  in  preparation  for 
drilling. 

For  holding  large  objects  like 


ploes . 

A  ci        ^  B 


Frame  12 

Ncm-«<lj  us  cable  jaw  pliers  lncl\ide:    dlagonsl  cutting  pliers, 
Icmg  ooM  pliers «  and  round  jaw  pliers.    These  pliets  are  all  about 
^ler  sst.^^»«"-         ::■■■■•;:::=  •■"r::,z -7:::=-":r:::z 

A.  As  the  nane  Implies ,  the  long 
ansc  pliers  (sometimes  called 
ncetlle  nose)  ,  has  the  longest 
Jaws  of  the  group. 

B.  The  diagonal  cutting  pliers  have  th 
shortest  jaws  (also  the  sharpest) 
of  the  group. 

C.  The  round  jaw  pliers  have  neither 
longest  nor  the  shortest  jaws  of 
this  group.    However,  they  do  have 
the  "roundest"  jaws  -  that's  right, 
just  like  two  of  your  fingers 
side-^y-slde.    NO  FLATS  at  all. 

Match  Che  items  above  with  the  nomenclature  below: 
Pliers,  diagonal  cutting,  short  nose  type,  6-inch, 
Pliers,  straight  needle  nose,  6  1/2-inch, 
Pliers,  round  nose,  round  jaws,  6-inch. 

//////////////////// 
li  A  C 


Frame  13 

rhere  is  a  certain  amount  of  overlap  in  the  uses  of  some  types 
of  pliers,  however,  these  are  designed  for  specific  uses. 

1.  Pliers  wich  sharp  cutting  jaws  are  designed  for  c-.tting 
wire,  cotter  pins,  o.tc. 

2.  Pliers  w'th  long  slender  jaws  are  designed  to  reach  into  tight 
places  where  the  fin^.TS  cannot  be  uaed. 

3.  Fliers  with  round  jaws  are  designed  for  forming  round  designs, 
in  wire,  metal,  etc. 

Mat':h  the  type  pliers  most  suitable  to  use  with  each  of  the 
following: 

A.  Diagonal  cutting  pliers.   ^lo  form  a  small  loop  on  the  end 

of  an  electrical  wire  to  place  on 

B.  .  Round  jaw  pliers.  a  terminal. 

C.  Long  nose  pliers,   ^To  reach  into  a  confined  place  to 

mske  an  adjiiatment. 

 ^To  cut  a  piece  of  wire. 

//////////////////// 
B  C  A 


Frame  14 


4£ff#nmr  UM»  ^^^^  ^  ^  ^^^^      ^  £^^«a 

of  pliers  are  llsced  In  Column  B.  Match  the  pliers  in  Colum  B  vlth 
the  correct  use  in  Column  k. 


Colum  A 

Coluan  B 

Used  for 

forming  small  loops  in 

/I  * 

wire. 

uxascnMA  cuwtmg  pxxers 

Used  for 

holding  objects  in 

confined 

places  or  making 

c. 

Long  nose  pliers* 

delicate 

adjustments . 

D. 

Water  puflip  pliers. 

Used  for 

cutting  wire  and 

remdvlng 

cotter  pins. 

E. 

Round  jaw  pliers. 

Used  for 

bending y  holding,  or 

F. 

Vise  grips. 

tvis  ting 

metal  or  wire 

(general 

purpose  uses) , 

Originally  designed  for  tightening 
water  pump  packings  on  early  auto- 
mobiles .    Used  as  a  general  purpose 
holding  tool. 

Used  as  a  locking  device  while 
working  on  an  object  with  other 
tools . 

//////////////////// 

E 
C 
B 
A 
D 
F 

Continue  to  next  page  immediately. 
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Kr.iine  15 

WrmchM  are  tool*  u««d  for  tightening  or  loosening  nuts  and 

-^t«-v-:-:  -  -  ,   '  -  

fiicUukHl  In  Clio  cl.iflK  If  Ic.Jtion  of  wronrUcM  arev    open  end 
wrtMU-hoM,  box  cxui  wrcuclics,  .uljtist.ib  le  jaw  wrcnchcH,  <m<l  tlic  socket 
Si  Tt'w  wronehos  . 


A. 


B. 


C. 


D. 


Open  end  wrenches  are  solid, 
nonadj us table  wrenches  with 
open,  parallel  jaws. 

Box  end  wrenches  are  solid,  non- 
adjustable  wrenches  with  the  ends 
enclosed  or  boxed  in. 

Adjustable  jaw  wrenches  are  similar 
in  shape  to  one  end  of  a  regular  open 
end  wrench  except  that  it  has 
one  noveable  jaw. 

Socket  screw  wrenches  are  L-shaped 
six  aided  rods,  sometimes  referred 
to  as  "keys." 


Match  the  wrenches  above  with  the  nomenclature  below: 
Key,  socket  head,  hexagon,  L  type  handle,  1/4-inch. 


W  ^nch,  box,  angular  offset,  double  head  type,  12  point, 
'7/16  X  1/2-inch. 

Wrench,  open  end,  fixed  double  head,  15  degree  angle,  9/16  x  5/8-inch, 
Wrench,  open  end,  adjustable  jaw,  single  head,  6  inches  long. 

//////////////////// 

D 
B 

A 

C  ' 
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tightening  or  loo«*nlng  nuts  and  bolts. 


^^^^  ^^^^^^  ^^^^^  ^^^^ 


The  box  end  wrenches  are  well  suited  for  us«  In  close  quarters 
because  their  heads  are  small. 


used. 


The  open  end  wrenches  are  used  when  a  box  end  wrench  cannot  be 


the  adjustable  Jaw  wrenches  are  useful  for  odd  size  nttts.  Be- 
cause they  are  weaker  than  other  wrenches  they  should  only  be  used 
where  the  required  torque  Is  not  too  great. 

Internal  wrenching  bolts  and  nuts  require  the  use  of  a  sockat 
screw  wrench. 

Match  the  proper  wrench  to  the  following  uses: 

J  ^To  loosen  an  internal  wrenching  set  screw.  A. 

 To  tighten  a  nut  on  an  oil  line  fitting.  B. 

 ^To  turn  a  nut  in  a  hard-to-reach  place.  C, 


Where  other  available  wrenches  do  not  fit  D, 
the  nut  to  be  removed. 

//////////////////// 


D 
C 
B 
A 


Adjustable  jaw 
Box  end. 
Open  end. 
Socket  screw. 


10 


Fraas  17 


Study  the  sizes  of  the  wrenches  shown  ^ove:    THEN  select  Che 
proper  wrench  to  be  used  for  each  nut  or  bolt  shown  below. 


3. 


//////////////////// 


1. 
2. 

3. 
A. 
5. 


D 
B 

A 
C 
D 
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Frame  18 


in  Column  i.    Match  each  wrench  in  Colum  B  %rlth  ita  prooer  uae  in 

Column  A.  .  ' 


Column  A 

_U8ed  on  internal  wrenching  hexagon 
bolts,  plugs,  and  set  screws. 

Must  be  used  on  gas  and  oil  line 
"fittings^ 

Used  in  hard  to  reach  placts.  It 


completely  surrounds  the  bolt  head 
'       or  nut  to  be  turned. 


JWill  fit  any  bolt  or  nut  within  its 
range  and  works  satisfactorily  for 
adjustments,  or  where  the  turning 
effort  (torque)  is  not  too  great. 


A. 
B. 
C. 
D. 


Column  B 

Open  end  wrench. 
Adjustable  jaw  wrench. 
Socket  screw  wrench. 
Box  end  wrench. 


//////////////////// 
C       A       D       B   .  ■ 


Frame  19 


Match  the  pliers  in  Column  B  with  its  proper  use  in  Column  A. 


Column  A 

_Originally  designed  for  tightening 
water  pump  packings  on  cars  and  used 
as  a  general  purpose  holding  tool. 

_General  purpose  uses  (bending, 
twisting,  or  holding  metal  or  wire. 

_Cutting  wire  and  removing  cotter 
pins. 

A  locking  device  while  working  on  an 
object  with  other  tools. 

_Formlng  small  loops  in  wire. 


Column  B 

A.  Diagonal  cutting, 

B.  Slip  joint. 

C.  Long  nose. 

D.  Water  pump. 

E.  Vise  grip. 

F.  Round  jaw. 


Holding  objects  in  confined  places 
or  making  delicate  adjustments. 

//////////////////// 

D,    B,    A.    E.    F,  e(-«> 
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Frame  20 

SocKcc  wrenches  an*  ibxiUc  up  ol"  itirrcrcnt  coal>lnnti«ni»  of  pnrts, 

*ita.%   .jjmOTWjB^    t  tj    f»ltjt   fijtyf  -- i- Ifc,^^^  1^X414*-  t' tti.*   tfttt'    tty  Ht% t  ^      jt^iKi  -  ...  

ttiv   Hill  vitl    pil  Irt    *tttt*   ^  * »ti  Tfiv  -WW*-  • 

ON  or  i)KK  llio  baiuMc  JrlVi*?;. 


® 


3 


The  ratchet  handX*  has  a  snail 
lever  on  the  ratchet  handle  head 
used  to  select  the  direction 
of  drive. 


The  hinge  handle  has  a  hinge  between 
the  handle  and  the  socket  drive. 


The  T-handle  resembles  the  letter 
"T."    (A  bit  on  the  short  and 
broad  side.) 


The  speed  handle  resembles  a 
crank. 


(not  shown  tr.  seals) 

Match  the  handles  Illustrated  above  with  the  nomenclature  below: 
Handle,  socket  wrench,  ratchet,  3/8-inch  drive. 
Handle,  socket  wrench,  sliding  T,  3/8-inch  drive. 


Handle,  socket  wrench,  hinged.  3/8-inch  drive,  8-inch  o/a  length. 

Handle,  socket  wrench,  speeder,  3/8-inch  drive. 

////////////////////  J 

A 
C 
B 
D 


lie 


FratM  21 


riftrai^      ^  

and  adapt«rs  mada  in  many  differenc  alzaa  to  fit  spaclflc  types  of 
work. 


A. 


l/A"  Driva 
Female  End 


Adapters  provide  the 
tneans  for  dianglng  drive 
size  -  1/4"  to  3/8"  to 
3/8"  Drive         ^^2",  etc. 
Male  End 

An  extension  la  a  bar  that  extends 
^    ^    the  drive  length.    They  come  In 


ERIC 


aeny  lengths. 


The  sparkplug  holding  socket  has  six 
pointa  that  fit  the  sparkplug  closely 
so  that  tha  socket  cannot  "cock"  and 
break  the  porcelain  on  the  sperk  plug, 


(TWELVE 
GRIPPING 
POINTS 


Universal  joints  permit  work  where  a 
straight  wrench  cannot  be  uaed. 


The  socket  is  what  fits  on  the  nut  or 
bolt.    They  come  in  many^  sizes. 


Match  the  isems  above  with  the  nomenclature  below. 
Universal  joint,  socket  wrench,  3/8-inch  drive. 

Socket,  socket  wrench,  12  point,  sparkplug  holding,  1/2-inch  drive 


Socket,  socket  wrench,  12  point,  5/8-inch  size,  3/8-inch  drive. 


Adapter,  Socket  wrench,  male  3/8-inch  square  drive,  female  1/4-inch 
square  drive. 

Extension,  socket  wrench t  square  shape  end,  3/8-inch  size,  4  inches 
"long . 

//////////////////// 


D 
C 
E 
A 
B 
14 
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Note:  This  ttockct  hM  a  hoIdlAi 
'device  built  Into  ic. 


© 


CD 


0  ® 


® 


® 


Match  the  items  Illustrated  above  with  the  statements  listed 


below: 


Sparkplug  holding  socket. 
Six  point  socket. 
12  point  socket. 
Male  drive  end. 
Female  drive  end. 
Extension  length. 


Standard  socket 


_Deep  socket . 

1/2"  square  drive  socket,  3/A"  size. 

3/8"  square  drive  socket »  3/A"  size. 

1/4"  square  drive  socket,  1/2"  size. 


The  socket  required  to  turn  a  3/4" 


nut  with  a  3/8"  male  drive  handle. 

//////////////////// 

C  A,  B,  or  F 

D  0 

E  *  B  • 

H  A 

K  F 

J  A 


lis 


ISnfirtr mrftr  trf"  thi"  fnt1^>tflTii  iTiTiig^     ii         ^         ^  ^  

Ulse  (F). 

 The  size  of  socket  drives  ere  deteml'ned  by  the  dimension  of  the 

square  end  of  the  drive  and  the  square  hole  In  the  socket, 

 ^Due  to  the  various  choices  of  handles,  and  the  variety  of  drives 

and  adapters  the  socket  wrench  can  be  used  for  many  different 
jobs. 

 ^The  sparkplug  holding  socket  has  a  holding  device  buiU  Into  it 

to  grip  and  hold  the  sparkplug  In  the  socket  so  that  It  will  not 
fall  out  during  removal  or  installation. 

 ^the  purposfe  of  a  wrench  is  to  tighten  end  loosen  nuts  and  bolts. 

 ^The  types  of  sockets  are:    standard,  deep,  sparkplug  holding  and 

impact. 

//////////////////// 

T 
T 
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Sin<»  mkmtm  mvm  4«««eh*l>l«  ttam  th«  HmUIm,  a  v«rl«cy  o£  h«ndX«« 


The  hinge  handle  is  the  strongest  handle  in  the  tool  box  and 
because  of  this  it  is  uaed  to  break  loos«  stubborn  bolts  and  nuts. 
To  loosen  a  nut  the  handle  can  be  uaed  at  right  angles  to  the  socket 
for  a  straight  pull,  as  shoum  in  the  figure  above.     If  this  is  not 
possible  an  angled  pull  may  be  used.    After  the  nut  is  loosened  the 
handle  can  be  moved  on  its  hinge  to  the  vertical  position  and  twisted 
by  the  fingers  to  remove  the  nut. 

Answer  each  of  the  following  statements  as  either  true  (T)  or 
false  (F) . 

 ^The  hinge  handle  can  be  used  for  a  straight  (90  degree)  pull 

if  desired. 

The  hinge  handle  will  provide  any  angle  of  pull  de8ir«d. 

Tight  or  "stubborn"  nuts  or  bolts  should  be  loosened  with  a 
hinge  handle. 

//////////////////// 

T 
T 
T 
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FraiM  2S 


SOCKET. 


EXT0ISION 


Figure  1.    Uae  of  the  Ratchet  Handle. 


A  pawl  in  the  ratchet  handle  head  engagea  into  ratchet  teeth. 
Pulling  on  the  handle  in  one  direction  causae  the  pull  to  hold  or 
to  lock  the  ratchet  teeth  and  turn  the  socket.    Hovlng  the 'handle 
in  the  opposite  direction  causes  the  pawl  to  ratchet  (slip)  and 
Che  handle  will  back  up  without  turning  the  socket.    Because  of  this 
action  the  handle  can  be  worked  rapidly  and  the  socket  does  not  have 
to  be  raised  off  the  nut  to  get  another  "bite"  (sec  figure  1  above) . 


The  handle  ratchets  in  one  direction  when  loosening  a  nut  and  in 
the  other  direction  when  tightening  a  nut.    Ther**  is  a  lever  on  the 
ratchet  handle  head  that  is  used  to  change  the  direction  of  the 
ratchet  action  (sec  figure  2  above) . 

Answer  the  following  statements  as  either  true  (T)  or  false  (F) . 
The  ratchet  handle  drives  in  one  direction  and  slips  in  the  other. 


When  you  can't  get  a  straight  pull  on  a  nut,  the  ratchet  handle 
will  permit  an  angled  pull. 

The  ratchet  handle  can  b«  operated  without  having  to  raise  the 
socket  off  the  nut  for  another  "bite." 


Figure  2. 


Ratchet  Handle  Head. 


//////////////////// 


T 
F 
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T^ph^Mtl^      ^M>chT  ^1  diift  vr loM  ti»dlM  wed  lor  4ri  vlnf 


with  both  hartda  because  Che  drive  Is  In  the  center.  -  Another  advantage 
l8  that  ch^  turning  radius  requircii  Is  smaller  Chan  chat  needed  wlch 
oihor  handles,  aa  shown  In  the  Illustration  to  the  left.     "R"  repre- 
rtcMits  the  radius  for  the  T-liandle.    "X'*  represents  the  radius  needed 
tor  another  type  of  handle. 


55 


1 


In  work  areas  where  there  is  r:o  s^ace  limitation  to  prevent 
the  speed  handle  from  being  turned  a  full  iSD  degrees^  it  affords 
3  rapid  means  for  turning  a  socket »  that  is,  it  takes  a  lot  of  room 
to  turn  a  crank-lik*  tool  without  skinning  your  knuckles. 


Answer  the  follo-'ing  staietnencs  as  either  true  (T)  or  falae  (F) 
The  speed  handle  is  used  where  the  turning  radius  is  limited.- 
The  T-handle  is  used  where  the  swing'  arc  is  not  limited. 
The  hinge  handle  Is  used  to  break  bolts  and  nuts  Ipose. 


'The  ratchet  handle  .drives  in  one  direction  and  slips  iri  the 
"other.  ^ 

////////.//////////// 
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Colunui  A 

__llsccl  ir  Che  socket  liandle  Urivo  Isn^t 
long  enough  or  if  the  working  area 
restricts  the  movement  bf  tools. 


_^Used  between  the  aocket  and  the 
socket  handle  to  reach  nuts  and  bolts 
at  various  angles. 


Column  B 

A.  Sm'kcc. 

B.  Extension. 

C.  Universal  joint. 

D.  Adapter. 


_Used  to  permit  the  use  of  a  1/2-inch 
drive  socket  with  a  3/8-lnch  drive 
handle. 

Used  in  the  required  size  to  fit 
directly  on  the  nut  or  bolt  to  be 
returned. 

//////////////////// 
B        C        D  A 


Frame  23 


Match  each  handle  in  Colmnn  B  with  the  proper  use  in  Colunm  A. 
Column  A  * 


JVhen  the  fast  removal  or  replacement 
of  nuts  and  bolts  is  required,  and 
the  swing  arc  is  not  limited. 

_For  breaking  nuts  and  bolts  loose 
and  permit  the  freedom  of  any 
angle  of  pull  desired. 


_To  tighten  or  loosen  a  nut^  without 
having  to  remove  and  reposition 
the  socket  on  the  nut,  v^en  the 
swing  arc  is  limited. 

When  the  turning  radius  la  small  or 


Column  B 

A.  T-handle. 

B.  Ratcheit  handle. 

C.  Speed  handle. 

D.  Hinge  handle. 


when  a  nut  or  bolt  must  be  reached 
t;h rough  a  bulkhead. 

//////////////////// 
"    C        D       B  A 
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Frame  29 


•  Match  chft  pllsra  listed  in  Coluai  &  to  the  proper  uee  Uf»d 


Citlumn  W 

UseJ  tor  general  purpose  noiUlng, 
betiUint  or  Cvl«tlng-  of  metal  or 
wire. 

* 

A. 
». 

Round  jaw  •pliers. 
Slip-Joint  pliers. 

Used  to  form  small  loops  in  wire. 

c. 

Water  pump  pliers. 

Used  for  working  In  confined 
places  and  for  making  delicate 
adjustaents. 

D. 

Long  nose  pliers. 

♦ 

Used  as  a  general  purpose  holding 
tool  for  large  objects. 

iiiiiiiiiiiiiiiinii 

B        A        D        C  ^ 


Frame  30 


Files  are  tool^  tided  for  cutting ,  smoothing »  or  removing  small 
amounts  of  metal.    They  vary  In  lengthy  shape »  and  cut  of  the  teeth. 


Match  the  items  illustrated  above  with  the  nomenclature  given 
below:  »  . 

 File,  hand,  round,  bastard,  8-inch  (rattall  file), 

Tile,  hand,  half  round, -bastard,  8-lnch. 


File,  hand,  flat,  double  cut^  coarse ,  10-lnch. 


i    Fllie,  1>and,  triangular,  single  cijt,  8-inch. 

//////////////////// 

B       D       A  C 
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Frame  31 


these  drawings  and  then  answer  the  matchirtg  problem  stated  below. 
Note  the  wooden  handle  on  the  file  shown  on  the  left.     Never  use  a 
file  without  a  handle  as  thfi  tang  could  be  driven  into/ your  hand. 


Match  the  lettered  Items  in  the  drawings  above  with  the  statements 


below: 


^File  length. 
Jile  point • 

File  tang  (goes  into  the 
handle) . 


File  edge. 
File  face. 
File  heel. 


nil  I II 1 1!  1 1 II  HI  III 

X  c 

A  B 
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File  cuts  are  shown  in  the  Illustration  b#Xd9.    Study  the  drawings 
and  then  match  the  file  g^rade  or  cut  In  ColuMn  B  with  the  proper  file 
description  in  Column  A.  - 


-OUT 


Column  A 


Column  B 


A  file  with  the  tfteth  Xu4  deep  and  A.  Coarse  grade  file, 
far  apart* 

B.  "  Smooth  grade  file. 

A  file  with  the  teeth  cut  shallow 
and  close  together. 


\ 


k  file  with  two  series  of  cuts 
across  the  face*  In  two  dif- 
ferent directions. 


C.     Single  cut  file. 

Double  cut  file. 


A  file  with  only  one  series  of  cuts 
"across  the  face  with  all  cuts  parallel 
to  each  other. 

//////////////////// 

A        B  C 
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Th«  folloirins  i»  «  list      giitMrml  ruXeii  £«r  tha>  flection  of 


quMtlon  belov^ 

1.  Use  a  Goarsetfile  for  aoft  material. 

2.  Use  a  Smooth  file  for  hard  materi:kl% 

3.  Use  ^  found  file  for  enlarging  roiftid  holes* 

4.  Use  a  flat  file  for  a  flat  surface. 

Match  the  correct  use  of  each  file  in  Column  B  ^o  the  file  in 
Column  A. 

Column  A 
 Triangular  flle^ 

Flat  file. 


1 


Column  B 


A. 


For  general  purpose  filing  of  a 
large  flat  surface. 


Rattall  file. 


Half  round  file. 


B.  For  filing  or  enlarging  a  large 
round  opening.  ^  ^ 

C.  For  enlarging  small  round  opening^ 

D.  For  filing  small  notches  and 
straightening  burred  or  damaged 
tSireads . 


//////////////////// 

D       A        C     .  B 


Frame  34 

The  procedure  for  using,  a  file  varies  with  the  work  to  be  accom- 
plished and  the  type  of  file  to  be  used.    However ,  the  general  procedure 
is  as  follows:    Use  a  smooth^  firm  forward  stroke  to  **cut''  the  material 
being  filed.    Use  only  enoiigih  pressure  to  keep  the  file  cutting,    DO  NOT 
drag  the  file  during  the  return  stroke  or  the  teeth  may  be  dulled. 

Indicate  whether  each  of  the  followiny  statements  are  true  (T) 
or  false  (F) . 

The  procedure  for  using  a  file  is  the  same  for  every  Job. 

The  teeth  of  a  file  can  be  dulled  if  the  file  is  used  Improperly. 

 The  procedure  for  uelag  a  file  is  no€  the  same  for  every  job. 

 In  order  for  the  file  to  cut  the  material,  a  lot  of  pressure  must 

be  applied. 

■  # 

iiiiiiiimiiiiiiiii 
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tneth  CO  allp  over  th*  work,  resulting  Irf  duiied  file  teeth.  Excessive 
pressure  will  overload  the  file  teeth,  causing  the  cut  to  be  Irregular 

■      Match  the  improper  use  of  a  file  (Column  A)  to  the  condition  It 
will  cause  (Column  B) . 


Column  A 

A,  Insufficient  pressure. 

B.  Excessive  pressure. 


Column  B 
Dulled  ^eth 


JCrregular  cut. 


//////////////////// 


B 


Frame  36 

-      When  a  file  la  used  on  soft  metal,  such  as  lead,  the  file  should 
be  dragged  on  the  regum  stroke,  as  this  tends  to  help  clean  the  teeth 
Normally  a  file  card  is  used  to  clean  the  file  as  illustrated  below 


CAROtNG 


lllllllllllllllllltl 

No  response  was  required. 

Proceed  to  the  next  frame, 


24 
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Column  A  Colunm  H 

JJaeil  Co.  turn  a  socket  wiien  the  A.  Universal  Joint, 
turning  radlua  is  small. 

B.  T-handle. 

_Use4  when  a  socket  drive  la  not^ 

long  enough.  .  C.  Extenalon. 

JUsed  between  a  3/8-inch  socket        D.  Adapter, 
"drive  handle  and  a  l/2->inch 
drive  socket. 

i 

JUsed  in  the  socket  drive  to  . 
rfech  nuts  and  bolts  at  angles. 

ii/ii/iiiiii/njim 

B        C       D    •  A 


Frarae  38 

Select  the  correct  answer  to  the  following: 

Socket  drive  size  refers  to ' the 

A.      length  of  the  handle. 

"      B.      diameter  of  the  sockets. 

C.      dimension  of  the  s<)U£re  hole  In  the  socket  and  the 
square  end  of  the  drive. 

//////////////////// 


Frame  39 

Select  ch\e  correct  answer  t;o  the  following: 

The  kinds  of  sockets  sre  called  ;  j 

A.  standard ,  deep,  sparkplug  holding ,  and  Impact.       ;  * 

B.  shallon,  standard t  ^ad  aparkplug  holding. 

C.  box,  open  end,  end  adjustable  jaw. 

if/n/miiiimmi       '         '  X 


A 
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=^=%^er-CTta-"ctittrt  from  ^f^^  f^^^^^  ^^.^^^ 

to  cut  "cold"  metal  (without  first  softening  the  irtetaJ^^y  heating), 
qasels  are  aa4e  in, a  variety  of  shapes,  suited  for' different  types  of 
work.    The  figure  below  illustrates  three  types  of  chisels.    Match  the 
itdms  below  with  the  correct  nomenclature. 


3/8* 


t 


3A* 


f 


0  ® 

Chisel,  cold,  hand,  3/4-lnch  wide  cut,  7  Inches  long. 


Chisel,  cape,  hand,  3/8-lnch  wide  cut. 

Chisel,  diamond  point,  hand. 

//////////////////// 
.c'  B  A 


Frame  41 

Match  each  chisel  in  Column  B  yith  the  correct  use  in  Column  A. 


Colujnn  A 

To  cut  narrow 
groovDs  in  TT»tal, 


Coluirm  E 

M 


(T)  Cape  chisel. 


To  cut  •«V" 
I^OTOS  xn 
nstal* 


To  cut  the- 
heads  off 
rivets. 


Diamond  point 
chisel. 


^^(c)   ^Oat  chisel.  ' 


iiiiiiiimimiiiih 

ABC 


Frame  42 


Th*»  chis 
XKe  one 
roorr  ed 
until  IP' 


el  at  the  left  i$  badly  niu#hroome0 
lo  the  cMt«r  it  slightly  math^ 
Bothchitelt  should  be  dreMtd 
the  condition  fhown  at  the  right 


Hunawrlng  on  4  cM<<l  cimtn 

figure  CO  the  left).    A  chisel  In 
thin  condition  should  not  be  ttsed 
hociusc  th«  hent-^ver  etlftes  are 
llkoly  to  'teak  off  snd  Injure 
soneone . 

Axuwcr  the  following  scatenent  as 
b«ing  either  true  (T)  or  false  (F> . 

A  chlser'with  a  mushroonsd 
head  should  be  dressed  on  a 
grinding  «h««l  to  renove  all 
cracks  and  rolled  over  edges. 


//////////////////// 


/• 


'ame  A3 

Match  each  chisel  in  Column  B  with  Che  correct  use  in  Column  A, 


Column  A 

Column  B 

Used  to  cut  off  rivet  headsy  cut 

A. 

Flat  chisel. 

sheet  mAtal,  and  to  split  nuts. 

B. 

Cape  chisel. 

Used  for  cutting  narrow  grooves 

in  (setal. 

c. 

Diamond  point  chisel. 

bsed  for  cutting  "V*'  grooves 

and  squaring  comers  in  natal. 

////////////// 

V///// 
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PROCEBD  TO  NEXT  FRAME  DWEDUTEU. 
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Frame  44 


upon  th«lr  shnpe.  The  Illustrations  beUiw  .tnd  the  de«crlptionR%how 
tlirue  typoM  of  pinuMtoH.      '  *  ,  . 


•  lu-    4VlU*M-    pIMUil    h.is    .1         n,o    pl„    p.MUll    IWIM  .1 

-ilMip  "potiuoil"  Olid.  slr.ilgia  |»olMt. 


Ilio  ill-Il  l  piin*  h  h,iH  .1 
t.ipQrotl  putnt. 


^*  B.        .  .C. 

Match  the  items  iiiu3trat«d  above  with  the  nomenclature  listed  below: 
.Punch,  center,  solid.  3/8-inch  diameter. 

_Punch.  drive  pin,  straight  point  1  1/2-inch  ling,  5/32-inch  diameter. 
Punch,  drive  pin,  taper  1  1/2-inch  long. 

Jiitiiuii'niiiniu 

ABC 
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Match  each  pounch  listed  in  Column  B  with  the  correct  use  shown 
in  Column  A. 


Column  A 


Aligning  pares  for  assembly. 


Driving  rivets  or  bolts  out 
of  holes. 


To  mark  the.  locations  of  holes 
'to  be  drilled. 


//////////////////// 
B  A  C 


Column  B 

A.  Pin  punch 

B.  Drift  punch 

C.  Center  punch 


Prm  46 


Match  each  putfch  llMted  in  Calwm  B  vlth  tim  correct  iiM  llaced 
^j^min  A.  _  .  


ColiMn  A 

JjH^d  to  align  the  bolt  holed  of 
perci^  for  aeee»bly. 

Used  to  mark  the  location  of 
holes  to  be  drilled • 

^Used  to  drive  out  bolts  or  ' 
rivets  from  holes. 


Column  Q 

A.  Center  punch. 

B.  Drift  punch* 

C.  Pin  punch* 


/;////////////////// 


B  and/or  C 


Frame  47 


Hatch  each  tool  in  Column  B  with  the  proper  use  in  Coluvi  A. 


Coluom  A 

_For  driving  bolts  or  rivets  out 
of  holes. 

_For  merltfiif  the  location  of 
holes  to  be  drilled  in  metal. 

_To  align  bolt  holes  of  parts 
for  assembly* 

^For  cutting  "V"  grooves  in 
tset^l. 

For  cutting  narrow  grooves  In 

VoT  cutting  the  heads  off  rivets 
end  for  splitting  nuts. 


Column  B 

A.  Pin  punch* 

B*  Flat  chisel. 

C.  Drift  punch. 

D.  Diamond  point  chisel, 

E.  Center  punch. 

F.  Cape  chisel. 


E 


//////////////////// 
C  and/ or  A  D 


B 
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S«lfct  th«  corr«cc  ancWar: 

Chiaela  and  punchaa  that  have  bacoma  ouahrooaad  should  be 
A.  uaed. 


B. 


C. 


thrown  avay. 

dreased  on  a  grinding  wheel. 

//////////////////// 
C 


Frame  49  . 

■■s  » 

Match  the  Items  in  Column  B  with  the  nomenclature  listed  in  Column  A. 


Column  A  i 

\ 

_She«rs,  metal  cutting,  hand, 
straight,  12  1/2-inch  o/a. 

Frame,  hand,  hacksaw,  adjust- 
able. 3  5/8-inch  throat,  8, 
10,  12  Inch  blade  capacity. 


Column  B 


//////////////////// 
B  A 


Frame  50 

Match  the  items  lettered  in  the  drawing  on  the  right  with  the 
parts  of  the  hacksaw  as  listed  on  the  left. 

Frame.  ' 


.Handle. 
Blade. 


iitminiiiiiiiint 


B  V 


30 


51 

HacksAv  blAdM  .Ar«  rcpl*c«ablc  In  th« 


right  Illustrates  the  cerrset  v«y  to  nount 
a  blade  in  the  fxt 


When  using  the  hacksav,  pleasure  should  always  be  applied  on  the 
forward  stroke.    This  Is  necessary  because  the^ cutting  teeth  of  the 
hacksaw  blade  point  forward.    The  teeth  do  not  cut  on  the  back  stroke, 
therefore  pressure  should  not  be  applied  during  the  back  stroke. 

*  ,  -  ■ 

Answer  ea<|ti  of  the  following  stateaents  as  either  true  (T)  or 
false  (F).  ^  ^ 

^     When  using  a  hackaav^  i>ressure  Is  applied  to  the  saw  on  the  forward 
stroke  only. 


^Hadksav  blades  are  replaceable. 

A  nacksaw  frame  Is  adjustable  for  different  blade  lengths. 


Jlacksav  blades  dre  installed  in  the  frace  with  the  teeth  pointing 
backward  (toward  the  handle). 

//////////////////// 
T        T        T  F 


Fraae  52 

The  drawings  below  illustrate  the  principles  Involved  In  selecting 
nacksaw  blades  that  are  the  most  suitable  for  a  job.    Study  the  drawings 
carefully  and  Chen  answer  each  of  the  following  statements  as  being 
either  true  (T)  or  false  (F) . 


# 


ier~ 


TEETH  TOO  SMALL-         TEETH  COAWE  TEETH-  TWO  0«  iK>KE 

WO  CHIF            TOO  C0AH8E—  AMFLE  CHIP         TEETH  ON 

CLCARANCC-          STRAOOtES  CLCAKANCE  METAL 
TEETH  CLO«  WORK 

WRONt  RI6HT 

Hacksaw  blades  are  available  with  different  numbers  cf  teech  per 
inch. 

T  ^  When  cutting  thli)  neterials.  with  ^  hacksaw  a  large;^  toothed  hacksaw 

blade  should  b«  used . 

 When  cutting  large  stock  with  a  hacksaw  a  small  toothed  hacksaw 


blade  should  be  used. 

//////////////////// 
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Prone  53 

^«  tea  In  Column  B  with  t houacs  lis c etl  in  Coluwi  A. 

Col«»  A^  *   Coiuan  P 

_  UoBd  for  sawing  netal.  A.      Tin  snips. 


_Used  for  cutting  sheet  metal  B.  Hacksaw, 

and  similar  materials. 

//////////////////// 

B  A 


Frame  5A 

Answer  each  of  the  following  statements  as  being  either  true  (T) 
or  false  (F) ,  ' 

 When  cutting  a  pier.e  of  tubing  with  a  hacksaw  you  should  use  a 

_  small  toothed  blade. 

 cutting  a  large  bolt  with  a  hacksaw  you  should  use  a  large 

toothed  blade. 

 ^Hacksaw  blades  should  be  installed  in  the  saw  frame  with  the  teeth 

pointing  toward  the  handle. 

 Hacksaw  blades  are  available  with  different  numbers  of  teeth  per 

inch . 

lUIIIIIIIIIIJIIIIII 
T       T        F  T 


Frame  55  ' 


Answar  each  of  the  following  stateaents  as  either  true  (T)  or 
falsa  (F). 

_Tools  should  be  kept  clean  and  in  good  state  of  repair. 


_Moving  parts  4>f  tools  should  be  oiled  periodically. 


^Always  salect  Che  right  tool  for  the  job.  • 

_fools  should  be  wiped  clean  with  a  jrag  when  you  are  through 
using  themv 

//////////////////// 
T       T       T       T  '^ri 
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FORJEWORD 

This  program  was  validated  In  196A  by  30  students  enrolled  in  the 
3ABR47330  course  at  Chanute  AFB.    The  text  has  trained  approximately 
3»000  students  since  1964  and  is  considered  to  be  valid. 

OBJECTIVES  * 

Upon  completion  of  this  programmed  text  you  will  be  able  to  accorplish 
the  following  objectives  with  80Z  accuracy. 

1.  Name  the  tools  used  to  cut  threads  in  a  drilled  hole. 

2.  Name  the  tool  used  to  cut  threads  on  round  metal  stock. 

3.  Name  and  describe  the  tool  used  to  install  and  remote  studs* 
State  the  purpose  of  an  impact  wrench. 
Name  three  types  of  torque  wrenches* 
Name  the  main  parts  of  an  electric  drill. 
Name  the  main  parts  of  a  bench  grinder. 


4. 
.  5. 
6. 
7. 


1 


"Coarse,"  "fine,"  and  "extra  flue"  are  descriptive  terms  that  tell 
the  mechanic  vhich  bolt" to  order  for  a  specific  Job.    Another  deecrip- 
tive  phrase  is  "number  of  threads  per  inch."   The  number  of  threads 
per  inch  on  a  \)olt  varies  with  the  purpose  of  the  bolt. 


QUESTION    1.  ^ 

????????????????????????????????????? 

?     Circle  the  letter  below  whlc^  identifies  a  true  statement  in  the  1 
list  given.  . 

?  .  .  ? 

a.    The  number  of  threads  per  inch  is  detennii;  d  by  the  diameter 
?  of  the  bolt.  .  ? 

?        b.    The  purpose  for  v^hich  the  bolt  is  to  be  used  determines  the  ? 
number  of  threads  per  inch. 

? 

c.    The  length  of  the  bolt  determines  the  number  of  threads  per 
?  inch.  ? 

NOTE:    IF  YOU  ARE  LOOKDIG  FOR  THE  CONFIRMATION,  IT  WILL  BE  FOUND  AT  THE 
TOP  OF  THE  NEXT  FRAME  ON  THE  OTHER  SIDE  OF  THE  SHEET. 


r 


The  figure  below  illustrate j»  three  bolts  of  the  same  diameter. 
One  has  coarse  threads,  one  has  fine  threads,  and  one  has  extra  fins 
threads.    In  the  spaces  provided,  ■  write  in  the  words  which  describe 
each  of  the  bolts. 


FraB«  2. 


'Xfiswra  for  Frame  1: 
Qaestlon  1.  b. 

a.  •  c^oarse 


b.  fine 


c.    extra  fine 


The  tool  used  to  cut  threads-  on  round  metal  stock  is  called  a 
"die."    Since  each  size  and  type  df  thread  requires  the  use  of  a 
specific  die,  they  Are  made  with  a  standard  outside  dimension  in  order 
to  fit  into  one  common  handle.    There  are  four  cutting  edges  on  the 
inside  which  cut  the  threads.    Most  dies  are  made  with  a  split  side 
and  an  adjusting  screw  which  compensates  for  wear  .on  the  cutting 
edges . 


In  the  accompanying  figure,  identify  the 
split  side,  the  adjusting  screw,  and  the 
cutting  edges.    Write  in  the  correct  names 
in  the  spaces  provided. 


a. 
b. 
c. 


Fram«  3* 


Answers  for  Fraane  2: 


a.  cutting  edges* 

b.  ^spllt  side. 

c.  ad;]ustln^  screw. 


4^ 


We  have  said  that  dies  are  made  with  a  standard  outside  diameter  ao 
that  the7  may  be  used  with  a  common  handle.    This  handle  is  called  a  " 
"die  stock."    It  is  constructed  -jith  a  round  center  portion  to  receive 
the  die,  and  a  thumb  screw  Is  threaded  into  this  portioa  to  mate  with 
a  recess  in  the  die  to  prevent  the  die  from  turning  In  the  stock. 
There  are  two  handles  with  knurled  grips  to  turn  the  die  on  the  round 
metal  stock  to  be  threaded.    ^  the  illustration  below,  note  the 
various  features  Just  described. 


Just  as  dies  are  used  to  cut  threads  on  the  outside  of  a  bolt,  so 
must  some  means .  be  provided  for  cutting  threads  inside  a  drilled  hole . 
The  tool  used  for  this  purpose  is  called  a  "tap."    There  are  three 
types  of  taps:  the  ^pered  tap,  the  plug  tap,  a^  the  bottoming  tap. 


1a. 


??•?????????????????? 7  77 
7     Circle  the  letter  below  that  identifiea  the  true  atatement.  ? 


? 

? 


a.  Tapered  tape  are  used  for  cutting  threads  in  tapered  holes,  ? 

b.  If  the  drilled  hole  is  too 'small,'  a  tapered  tap  will  eiilarge  , 
•  it. 

c.  Tapered  taps  are  used  for  stjarting  the  threads  in  a  drilled  7 
hole.  • 


777?????????????????????????????????? 


TAPER  TAP 


In  the  accompanying  figure,  the  three  typtes  of  taps  are  pictured. 
Note  that  the  tapered  tap  has  a  very  gradual  taper  for  cutting  threads 
by  removing  small  bits  of  metal  with 
each  cutting  surface'.    The  plug  tap 
has  a  very  abrupt  taper.    It  is  de- 
signed to  follow  the  tapered  tap 
and  thus  will  find  the  threads 
already  partially  cut.    The  bot- 
toming tap  is  designed  to  cut 
threads  all  of  the  way  to  the  bot- 
tom of  a  blind  hole  so  it  has  no 
taper  at  all. 

BOnOMING  TAP 


(yJEStlON  3./ 

??????????????????????????????'??????7 
?     Which  tap  is  used  to  start  the  threads  in  a  drilled  hole?  ? 

7     ANSWER:   :  •  7 

??????????????????  ???????????'?????^77 


>  1  •  > 


Bwers  to  previous  qaestionii: 

2.  c.  (Tapered  tape  are  used  for  starting  thread*. 

3.  taper  tap. 


Sometimes  it  is  necessary  to  cut  threads  inside  a  "blind  hole"  (one 
that  is  drilled  into  an  othervd.se  solid  piece  of  metal  but  does'  not  go 
all  of  the  way  through  it).    In  sach  cases,  after  starting  the  threads 

with  tlie  ■       tap,  'iie  use  a  "plug"  tap  to  cut  all.  but  the 

last  few  threads  in  the  blind ^ole. 


QUESTION^  U.  ' 

«      •  •  •  ■•»•      ••••••      «  ■  •  » 

o  ' 

•      Circle  the  letter  in  front  the  true  statement.  .  * 

^  ,      a.    Taps  are  used  to  cut  threads  inside  a  drilled  hole.  ' 

?        b.    Taper  taps  are  used  for  starting  the  threads  inside  a  drilled  ? 
hole. 

c.    Plug  taps  are  used  for  cutting  all  btit  the  last  few  threads 


9 


in  a  blind  hole. 


All  of  the  above  statements  are  correct. 


? 


????????????????????????????????????? 


✓ 


Pram*  6. 


Answers  for  Frame  $: 
tapered 


/ 


Question  h.    d.    (All  the  statements  are  true) 


Since  the  ^ise  of  taps  may  be  new  to  you,  perhaps  it  would  be  help- 
ful to  perform  an  additional  exercise  on  the  use  of  them.    Fill  In  the 
blanks  below. 

a.    Taper  taps  are  used  to  ;  


b.    Plug  taps  sCre  used  to 


c.    Bottoming  taps  are  used  to 


\y  t  * 


Fran*.  7* 


Ansmrs  for  Fr«M  6: 

a.  Tumr  tcpa  ar«  used  th«  start  tha  thraadi  in  a  hola. 

b.  Plug  t^a  ara  uaad  to  cut  aJU  but  tha  last  f«v  thraada  in  a 
blind  hola.  %  ■  . 

e.    Bottwdng  tapa  ara  uaad  to  cut  thraada  to  tha  attorn  of  a 
blind  h<2a. 


????????  ?????????????  7  ?'??7???7?7?7??? 

•  .    I 

^  Slj!^^  TBST  ^ 

As  a  reviaw,  anawar  tha  following  quastiona,  than  ct^ack  iiith  tha 
?  answers  givan  on  tha  top  of  tha  naxt  frma.    If  you  did  not  answar  all? 

of  the  quaationa  correctly  ",  go  back  to  that  part  of  tha  prog  ran  where 
?  the  material  waa  covered,  review  the  material,  correct  your  miatake,  ? 

and  only  then  proceed  with  the  program. 

? 

QOESTICai   5.    The  number  of  threads  per  inch  on  a  bolt  varies 

7 

? 
? 


with 


?  CPESTION   6.    The  tool  used  to  cut  threads  inside  a  drilled  hole  ia 

called  a  • 

7 

OaESnON    7.    The  tool  used  to  start  the  threads  inside  a  drilled 


hole  is  a 


?  QIJESTION   8.    The  tool  vtiloh  cut  threads  to  the  bottcra  of  blind  hole  ? 

is  a   '   • 

7  ^  .7 

QaESnON    9.    The  tool  which  cuts  threads  on  the  outside  of  a  bolt 


is  a 


?  QUESTION  10.    The  handle  for  the  tool  in  Question  #  5  is  called  a 


????????7?77777  7  ??7?*????r??????????? 


ft' 


6. 


Answera  to  SELF  T2ST: 

$.  purpose  of  the  bolt. 

6.  tap. 

7.  taper  tap. 

8.  bottoming  tap. 

9.  die. 

10.  die  stock. 


In  addition  to  knowing  the  type  of  tap  to  be  Used  in  a  given  sit- 
uation, it  is  Also  necessary  to  know  the  correct  size.    Taps  are  sized 
according  to  the  size  of  the  bolt  that  will  screw  into  the  finished 
threaded  hole.    This  bolt  size,  then,  is  determined  by  the  diameter 
of  the  bolt  and  the  number  of  threads  per  inch. 


QUESTION  11. 

?     Circle  the  correct  statement  below. 

?        a.    Taps  are  sized  according  to  the  size  of  the  drilled  hole. 


? 
? 
? 


b.  Taps  are  sized  according  to  diameter  and  length  of  the 
threaded  part. 

c.  Taps  ar^.  sized  according  to  the  length  and  number  of  threads 
per  inch. 

d.  Taps  are  sized  according  to  diameter  and  number  of  threads 
,per  inch. 


????????????????????????????????????? 


O  1  ^, 


ERIC 


/ 


Fra»«  9* 


'  I  ' 

Aastnr  to  Quaatlon  11:  d. 


C^ESTION  12. 

????????????????????? 

?     Once  mere!    How  ia  the  size  of  the  t*p  determined?    (Write  your  ? 

answer  in  the  blank  spacea  provided  below. ) 
?  '  ? 


??????????????????????????????'''? 


Sometimes  the  vhreads  on  a  stud  or  bolt  become  partially  damaged 
and  a  replacement  j.s  not  readily  available.    To  repair  the  threads,  so 
that  a  nut  may  be  installed,  a  tool  called  tha  "thread  restorer"  is 
used.    This  tool  is  shaped  very  much  like  a  file  but  the  teeth  are 
spaced  to  correspond  with  the  threads  on  a  bolt  or  stud.    The  extent 
of  damagfe,  amount  of  torque  on  the  bolt,  and  whether  or  not  it  is  a 
critical  installation  are  all  determining  factors  on  whether  to  use 
the  thread  restorer  or  replace  the  bolt. 


QUESTION  13. 


Circle  the  letter  in  front  of  the  correct  statement  below. 

a.  Slightly  damaged  threads  may  be  repaired  with  a  file. 

b.  Sli^tly  damaged  threads  may  be  repaired  with  a  thread 
restorer. 

c.  Slightly  damaged  threads  always  require  replacement  of  the 
bolt. 


? 
? 


d.    A  threa<^  restorer  should  never  be  used. 


Fram  10. 


Answers  to  previous  qaestions: 


12.  The  site  of  a  tap  is  determined  by  the  diameter  and  the 
number  of  threads  per  Inch. 

13.  b.    (Slightly  damaged  threads  nay  be  repaired  with  a 

thread  restorer.) 


A  stud  is  a  bolt  with  threads  on  both  ends.    It  has  no  head,  there- 
fore it  requires- a  special  tool  to  remove  or  install  it.    As  you  will 
note  from  the  accompanying  illustration,  a 
typical  stud  has  an  unthreaded  portion  in 
the  center.    This  unthreaded  portion  is  the 
area  used  ji^faen  installing  or  removing  a 
stud.    The'  tool  which  is  used  for  installing 

and  removing  studs  will  be  shown  in  the  next  frame  of  this  program. 


\ 


Stods  artt  bolts  ulth  threads  on  both  ttds.   Thsy  ar«  qftsn  used  in 
vcrloos  parts  of  autonobilss.    Becsass  th«7  taiavs  no  haad  thiqr  are 
mora  difficult  to  install  or  ramov^a  than  ar«  bolts  with  haads.  k 
special  tool,  called  a  stud 
wrench,  has  been  dsTised  to 
Install  or  remove  studs  with 
ninimum  damage  to  the  stud. 
The  stud  wrench  is  designed 
to  fit  most  common  sizes  of 
studs . 

f 


In  the  figure  shown  above,  identify  the  eccentric -mounted  gripping 
cam,  the  dxdve  adapter,  and  the  stud  receiver.    Label  the  parts  of 
the  drawing  in  the  spaces  provided  belor-f. 


a. 


b. 
c. 


21  > 


Trm  12. 


o 

Ansvera  to  Framo  11:' 

t 

a.    gripping  cam. 

b.    drive  adapter. 

c.    stud  receiver. 

Many  pazi^a  of  automobiles 
and  trucks  9  as  well  as  other 
mechanical  devices,  are  secured 
with  nuts  and  bolts  which  are  tight* 
ened  to  a  very  high  torque  value.  , Since 
these  parts  have  to  be  removed  occasionally, 
a  tool  which  nniltlplles  the  strength  of  the 
mechanic  was  required.    One  such  tool  is  the 
impact  wrench.    It  is  a  great  time-and-labor 
saver  when  used  to  remove  a  series  of  nuts  and 
bolts.    The  accompanying  figure  depicts  a  typical 
impact  wrench. 


QOESTIOM  lU. 

????????????????????????????????????? 
?  CiiTcle  the  correct  statement  below,  ? 
?  a*  The  inpact  wrench  is  used  solely  for  hamroring.  ? 
?  b.  The  impact  wrench  inultiplies  the  strength  of  the  mechanic.  ? 
????????????????????'????????????????? 


Prm  13. 


The  Impact  wronch  may  b«  used  in  aany  applications  with  any  of  the 
drives,  extenslona,  or  fittings  used  ulth  the  socket  set.  Probably 
the  most  comnon  use  of  the  impact  wrench  is  for  removing  and  instal- 
ling auto  and  truck  wheel  lug  nuts.    The  wrench  can  be  used  for  either 
left-hand  or  right-hand  operatlqi^  by  merely  turning  a  switch  or  lever. 
The  impact  wrench  also  Incorporates  an  adjustable  torque-setting  fit- 
ting to  prevOTt  over-torqulng  the  nut  or  bolt  being  Installed.  , 


QUESTION  15. 

????????????????????????????????????? 


? 
? 
? 
? 
? 

0 


Which  of  the  follcFwing  atatementa  are  correct? 

a.  Impact  wrenches  are  for  right-hand  use  only. 

b.  Impact  wrenches  may  be  used  in  either  right  or  left  hand 
operation* 

c.  There  is  a  torque-setting  adjustment  on  impact  wrenches. 

The  operator  must  be  careful  not  to  over-torque  a  nut  or  bolt. 


????????????????????????????????????? 


'  Answers  to  Qaestlon  15:    b  and  c  are  both  correct  statements. 


Impact  wrenches  may  be  driven  be  either  air  pressure  or  electric- 
ity.   Because  of  the  extreme  pressures  that  can  be  applied  with  the 
impact  wrench,  it  is  advisable  to  use  heavy-duty,  thick-walled,  six- 
point  sockets  with  them.    The  ordinary  twelve-point  sockets  are 
easily  split  by  the  heavy  vibration  of  the  impact  wrenclj.  Special 
iinpact  wrench  sockets  are  available  and  can  also  be  used. 


QUESTION  16. 

,,^,,,,,\  7,  90??  ??????????  ??????????  ??? 

?     Which  of  the  following  statements  is. correct?  ? 

?         a.    Impact  wrenches  are  operated  by  air  pressure  and  hydraulic  ? 

pressure.  ^ 

?  '  , 

b.    Vacuum  pressure  and  electricity  are' used  to  operate  the  impact 

?  wrench. 

?        c.    Electricity  and  air  pressure  are  the  two  methods  of  operation.? 

?        d.    Electricity  and  hydraulic  pressure  are  used  to  operate  the  ? 

impact  wrench.  ^ 

? 

???????????? 


QUESTION  17. 


? 

? 
? 


The  correct  sockets  to  be  used  idth  the  impact  wrench  are  the 

a.  four-point  socket  or  a  special  socket. 

b.  six-point  socket  or  a  special  socket. 

c.  eight-point  socket  or  a  special  socket. 

d.  twelve-point  socket  or  a  special  socket. 


? 
? 
? 
? 
? 


??????????????  ?  ?  ??????????????????  ^  ^  ^ 


Whenever  two  pieces  of  metal  are  bolted  together,  a  specified 
amount  of  "torque"  or  twisting  force  is  designated  ^o^-  the  bolts. 
This  "torcrae"  is  measured  in  inch-pounds  if  the  force  is  light  or  if 
tS  boUs  are  of  small  diameter.    To.  '-^e  is  measured  in  foot-pounds  if 
the  force  is  great  or  if  the  bolts  ar.  of  large  diameter. 


QUESTION    13 . 

0 

Which  of  the  following  statements . are  correct?  ? 

a.  Torque  i»  measured  in  pounds  per  square  inch.  7 

b.  The  hyphenated  word  "inch-pounds"  is  used  to  designate  torque.^ 

c.  When  torque  is  large,  the  proper  designation  is  foot-pounds. 

d.  Torque  is  measured  in  pounds  per  square  foot.  ? 

???????????????????????  ^        ^  ^  ^  ^ 


9 
? 

7 

0 


\ 


j  iTtam  16. 


to 


t 
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Answera  to  pirevlous  qfuestloaa:  ' 

17.  b. 

18.  b.  and  c.  are  both  correct  atataments. 

Early  atteinpta  to  meaaure  the  torque  being  applied  to  a  bolt  in- 
cluded the  uae  of  a  apring-type  acale  attached  to  a  handle  of  pre- 
determined length,  auch  aa  12  inchea.    Since  thia  waa  a  cumberaome 
device,  a  apecial  wrench  utilizing  a  socket  drive,  a  handle  with 
predictable  bend  characteriatica,  a  pointer,  and  a  graduated  acale 
waa  devised. 


In  the  figure  below,  a  torque  wrench  of  the  type  described  above 
la  illustrated.    In  the  spaces  pi'ovided  below,  identify  the  handle, 
socket  drive,  pointer,  and  graduated  scale, 
a.  b. 


a. 


c. 
d. 


ERIC 


Fran*  17. 


J  ^ 

Answers  to  Frame  16: 

- 

a.  .  socket  (Irlve. 

b.    pointer.  * 

c.    graduated  scale. 

d.  hankie. 

Another  design  used  in  earlier  torque  wrenches  is  that  shown  in  the 
figure  below.    This  design  incorporated  a  dial  indicator  calibrated  in 
inch -pounds  or  foot-pounds  of  torque.    This  design  protected  the 
vital  parts  from  damage,  but  it  was  no  more  satisfactory  than  the 
simpler  type  because  the  enclosed  linkage  became  loosened  through 
ccmstant  usage  and  uas  inaccurate.  . 


a: 


Using  the  figure  above,  identify  the  socket  drive,  the  dial  indi- 
cator, and  the  handle. 


b. 


7 


18. 


 ^ 

-    -    4 

.. 

Alls  WO  FS    vw  r  F«IM  ±  I  • 

\ 

*  ■  k 
♦ 

a*    socket  drlv^« 

b.    dial  indicator* 

c.  handle* 

Both  of  the  torque  wzwches  mentioned  previously  must  be  rei^d  ^^le 
the  spcket  or. adapter  is  being  turned.    This  is  often  mihandy  because 
of  the  location  of  the  bolt  being  tightened,  poor  lighting,  etc.  For 
this  reason,  as  well  as  the  fact  that  constant  use  caused  the  earlier 
types  to  become  erratic,  a  new  type  of  wrench  was  developed.  This 
t^e  is  called  a  "breakaway"  torque  wrench.    One  model  of  the  break- 
away torque  wrench  is  shown  in  the  figure  below. 


on. 


-44 


Dm  bnaknmy  torqu*  wr«noh  la  so  nam«d  b«c«us«  it  gives  &  sll^t 
"br«ak<*  or  slip  idm  the  preset  torqus  taIus  Is  rMchtd.   TMs  f satars 

allonA  for  use  ot  ih9  wrench  in  any  position  or  mHfer  sny  limiting 
coi^dltiion  and  it  insures  accurate  torqae  application.    The  wrench 
does  not  actually  "break  away"  from  the  nut  or  but;  rather,  it  slips 
just  enoo^  to  allow  the  operator  to  feel  and  hear  a  "click.** 


QDESTIQH  19. 

????????????????????????????????????? 


? 
? 
? 
? 
? 


Circle  the  letter  in  front  of  the  true  statement  below. 


a. 
b. 
c. 
d. 


All  torque  wrenches  are  easy  to  use.  ? 
The  dial -indicating  torque  wrench  is  the  moat  accurate.  ? 
The  breaka-^  type  torque  wrench  can  be  used  In  any  position.  ? 


The  pointer- graduated  scale  type  torque  wrench  is  the  most 
accurate. 


? 
? 


????????????????????????????????????? 


Fram  20. 


*???????????????  ?'??\??????????????7??7 

?  SELpiTEST  ? 

The  f ollowljag  questions  are  designed  to  help  you  revi'ew  the  iafor- 
^  nation  girea  up  to  this  point  concerning  torque  wrenches.    Write  your  ? 
answers  in  the  spaces  provided. . 


20.    How  is  torque  measured? 


21.    What  three  types  of  torque  wrenches  have  been  mentioned? 


AND 


22.    What  is  one  advantage  of  the  later  type  torque  wrenches? 


23.    What  parts  are  ccnmon  to  all  torque  wrenches? 


? 
"  ? 
? 

.'? 

'  ? 
•  ? 


?  2U.    Why  must  torque  wrenches  be  used? 


????????????????????????????????????? 


o  o  w 


Aziswers  ta  SU*  tEST  qaastlona: 
20.    Torqao  is  msasartd  in  Ineh-pannds  or  fotit-poimds. 

Pointer  and  graduated  acala,  dial  Indicating,  and  breakaway. 
It  can  be  used  ii^  any  position  and  in  any  light. 
Socket  drive,  indicator,  and  handle. 

To  Insure  that  the  correct  amount  of  force  Is  applied  to 
EACH  nut  or  bolt.  • 


21. 
22. 
^23. 
2U. 


Tlift- older  types  of  torqup  wrenches,  such  aa  the  pointar-and-scSale 
and  the  dial-indicating  are  a  till  in  use  in  some  shops.    However,  the 
Air  Force  has  declared  them  to  be  obsolete  for  aircraft  use  so  it  is 
safe  to  assume  that  they'  will  be  discarded  by  other  activities  as  well. 
On  the  other  hand,  the  breakaway  type  torque  wrench  has  received 
almost  universal  acceptance  because  of  its  accuracy  and  reliability. 


QUESTION  25. 

????????????????????????????????????? 
,     Circle  the  letter  in  front  of  the  correct  statements  below.  ^ 

a.  All  types  of  torque  wrenches  are  a::ceptable  for  Air  Force  use 

b.  Only  the  breakaway  type  torque  wrench  has  universal 
_  acceptance.  \  < 

c.  The  breakaway  torq-Jie  wrench  is  more  accurate  and  reliS^ole 

?  than  the  others.  ^  ? 

d.  The  dial -indicating  type  torque  wrench  is  less  susceptible  to 

?  damage.  ? 

?????7?7?7????7????77?77???7?7???  ?  ?  ?  7 


^ 


Frano  22. 
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Answers  to  Qussticm  2^:    b.  and  c.  are  the  cbrrect  stat«meats. 


Since  the  breakaw&y  torque  wrench  is  the  one  most  commonly  used,  we 
will  concentrate  on  leeming  more  about  it.    Unlike  the  polnter-and- 
scale,  or  the  the  dial -indicating  torque  wrenches,  which  mist  be  read 
while  in  use,  the  breakaway  type  wrench  is  preset  to  the  desired  torque 
to  be  applied.    In  the  Illustration  below,  note  the  various  parts 
>^ch,  along  with  the  socket  drive,  inake  up  the  wrench. 


LOCK 


QDESTION  26. 

77????????7???????????????????????v?7 

7     There  are  two  scales  which  must  be  used  to  set  the  torque  on  the  ? 

wrench.    One  scale  is  located  on  the  shaft  and  the  other  scale  is  on 
7  the   .  7 

7???7?77??7??7???77?7??7??7??  7  ??????? 


Fraaa  23* 


Anmr  to  Queatlon  26:  grip 


lESTION  27. 


????????????????????????????????????? 

?      By  r«firrtnc«  to  th«  figure  in  Frm  22,  you  can  s««  th«t  th«  seal*  ? 

on  the  ahaft  is  stamped  in  increments  of  inch-pounds  (or  foot* 

?  pounds  if  *it  is  a  heavy-duty  wrench) .  ? 


9 

9 


9 

? 

?  d.  -100.  ? 

^77??????????????????????????????????? 


a. .  2^. 

b.  50. 

c.  75. 

d.  -100. 


QUESTION    28 . 


????????????????????????????????????? 

?       3y  referenca  to  the  fiffire  in  Frame  22,  you  can  see  that  the  ecalo  ? 

on  the  grip  is  stamped  around  the  grip  and  reads  from  0  to  li9.  One 
?  full  turn  of  the  grip  would  give  an  increase  (or  decrease)  of   ? 

inch-pounds  ( or  foot-pounds) . 


a. 


25. 

b.  50. 

c.  75. 

d.  100. 


??????????????????????????????????•?• 


Frame  2U. 


The  breakaway  type  torque  wrench  incorporates  an  additional  feature 
to  insure  accuracy  in  applying  torque  to  a  bolt.    This  is  a  locking 
device,  which  on  some  wrenches  is  turned  to  affect  the  lock  on  the 
grip  and  in  others  is  slid  along  the  grip  to  engage  a  pawl  or  slot  in 
the  shaft.    In  either  case,  the  grip  is  prevented  from  turning  \Ai±le 
the  wrench  is  in  use. 


QOESTION    29 . 

?7?????????????????????????????7?7?7? 
?     Circle  the  letter  in  front  of  the  correct  statements  below.  ? 

?  a.  All  torque  wrenches  contain  a  locking  device.  ? 
7        b.    All  types  of  torque  wrenches  are  acceptable  for  Air  Force  use.o 

c.    Only  the  breakaway  types  of  torque  wrenches  have  a  locking 
?  feature.  ? 

,        d.    The  pointer-and-3cale  and  the  dial -indicating  types  are  ^ 
obsolete  for  aircraft  use. 

?    ??????????  ????????????????????7???7? 


Frano  2$. 


Torque  wrmchas  are  handled  like  preclalon  Instnimenta  in  tha  Air 
Force.    This  includea  storage  in  a  separate  container  and  regular, 
frequent  calibration.    Torque  wrenches  lAlch  are  used  on  aircraft,  and 
other  critical  equipment,  are  calibrated  every  30  days.    At  the  time 
of  calibration  a  dated  date  is  fastened  to  the  torque  wrench  to  remind 
the  mechanic  of  the  next  due  date  for  calibration.    In  the  drawing 
below,  note  the  placement  of  the  dated  tape. 


DATED  TAPE 


QUESTION  30. 

no9-j90'p'>7777777?????????????????????? 
?      Circle  the  letter  in  front  the  the  correct  statements  below.  ? 

7         a.    Torque  wrenches  may  be  handled  like  other  tools.  ? 
b,    Torque  wrenches  are  date-taped  to  insure  calibration  at  the  ^ 
proper  time. 

,        c.    The  dated  tape  on  a  torque  wrench  tells  --^en  it  was  purchased., 
d.    Torque  wrenches  must  be  treated  like  precision  instruments. 

7  '  ? 


Fram9  26. 

l;^  ?  ??????????????  t  ???????????????  7  ?  7 


SELF  TEST 


7      Anai«r  the  following  questions  on  torque  wrenches,  then  check  your 

responses  with  those  given  on  the  next  page.    Careful,  now,  no  fair 
7  '•peekin"  1 

7  31.    Why  are  torque  wrenches  used? 


9 


0 


32.    Which  torque  wrenches  are  considered  obsolete? 


7  33*    How  is  torque  measured?  ^  ^ 


9 


3k ^  How  much  is  the  torque  increased  by  turning  the  grip  one  complete 
0  turn? 

9 


3?.    Wliat  feature  prevents  the  torqae  value  of  the  wrench  from 
changing? 


9 

9 


36.    Why  is  a  dated  tape  attached  to  a  torque  wrench? 

37-    Where  are  torque  wrenches  kept?  ^ 

* 

36'    How  often  are  torqas  wrenches  calibrated?  ^ 


9 


39.    How  does  the  operator  know  when  the  proper  torque  is  reached 
when  using  the  break away -type  torque  wrench? 

UO.    Name  two  parts  common  to  all  torque  wrenches? 


???????????????????777??7,?09999?    9  09 


Pram*  27. 


'ilSnswers  to  SELF  TEST  qaaations: 

51.    Torqae  wrsnchas  are  used  to  Insure -the  application  of  an 
exact  force. 

32.  The  pointer- and' scale  and  the  dial -indicating  types  are 
considered  to  be  obsolete. 

33.  Torque  is  measured  In  Inch-pounds  or  foot-pounds.' 

3U.    One  complete  tarn  of  the  grip  increases  (or  decreases)  the 
torque  $0  inch-pounds. 

3$.    The  breakaway  torque  wrench  has  a  lock  which  prevents  the 
torque  from  changing. 

36.  To  indicate  when  the  wrench  was  last  calibrated  and  to  re- 
mind the  operator  when  it  is  due. 

37.  Torque  wrenches  are  kept  in  separate  containers  to  prevent 
damage. 

38.  Torque  wrenches  are  calibrated  every  days. 

39.  Whan  using  the  breakaway  torque  wrench,  a  "click"  will  be 
felt  and  heard. 

iiO.    The  two  parts  i^hich  are  common  to  all  torque  wrenches  are 
the  socket  drive  and  the  handle  or  the  grip. 


If  your  answers  do  not  agree  with  these  in  fact  (your  wo  riding  may 
be  slightly  different) ,  review  the  portion  of  this  program  which  covers 
the  questions  you  missed  before  proceeding  with  the  next  portion  of  the 


program. 


r 


i 


Frama  28. 


One  of  the  most  usefol  tools  available  to  the  mechanic  Is  the  elec- 
tric drill.    Theprlnclpal  aae  of  the  electric  drill  Is  for  boring  or 
dxilling  holes  In  metal.    Drills  comnpnly  used  in  the  shop  are  of  the 
1/U  inch,  3/8  inch,  or  1/2  inch  capacity     It  is  never  advisable  to 
exceed  the  rated  capacity  of  an  electric  drill.    Such  a  practice 
usually  results  in  burning  up  the  drill  motor.    For  shop  use,  harden- 
'^ed  steel  drill  bits  are  used  with  the  electric  drill.    As  you  can  see 
J   from  the  picture  below,  the  main  parts  of  the  portable  electric  drill 
are  the  motor,  chuck,  handle,  trigger,  trigger  lock,  and  chuck  key 


QUESTION  Ul. 

Circle  the  letter  before  the  correct  statement  beiow.  ? 


9 

Cir 

9 

a. 

• 

b. 

c. 

9 
• 

■ 

? 

d. 

drill. 

d.    All  of  the  above  statements  a-^e  true/ 


9999999999999999999999999999999799999 


/ 


29, 


Another  pouer  tool  found  In  moat  shops  is  tha  bench  grinder.  A 
typical  bench  grinder  is  shown  in  the  illuatratloo  below    Note  that 
the  main  parts  of  the  bench  grinder  are  the  stand,  motor,  grinding 
wheels,  work  rest,  and  eye  shield.    The  grinding  wheels  should  always 
be  checked  for  cracks  before  starting  the  motor. 


Fr«  30. 


I  ^^^^^^^^^ 


Tha  bench  grinder  opermtsa  moat  afflclflntly  at  maximum  RRf.  &x- 
caaaiva  praasura  on  tha  grinding  -uhaal  cauaaa  tha  motor  to  ovariiaat 
and  tha  matal  baing  aharpanad  to  bum.    Tha  grinding  action  la  tha 
reault  of  f rlcticn- batwaen  tha  wheal  and  the  metal; 'ao  the  faster  the 
rotation  of  tLa  grinding  t^eel,  the  greater  the  friction. 


QUSSnON  U2. 

????????????????????????????????????? 

?     Circle  the  letter  in  front  of  the  correct  statement  below.  ? 

?        a.    Pressing  hard  on  the  grinding  wheel  increases  its  efficiency.  ? 

9        b.    Too  nrjch  pressure  on  the  wheel  will  cause  the  metal  to  bum.  -? 

c.  If  the  motor  turns  too  fast,  it  will  overheat. 

?  ? 

d.  Friction  helps  cool  the  metal. 

?  ? 


31. 


Answer  to  QuastlcQ  &2:    b.  was  thm  correct  answer. 


The  bench  grinder  usually  has  two  stones  or  wheels;  one  made  of 
fine  grit  and  the  other  of  coarse  grit,  which  grit  is  held  together 
toy  a  strong  adhesive.    An  electric  motor  (usually  rated  at  1/2  horse- 
power) tutns  the  stones  at  a  high  rate  of  speed.    The  material  to  be 

sharpened,  smoothed,  or  reduced  in  size  is  held  on  the  tool  rest  and 
pressed  against  the  rotating  stone. 


QUESTION  U3. 

,^,,,^9,999990??  ????????????????????? 


?     Circle  the  letter  in  front  of  the  correct  statement(s)  below. 

9        a.    Grinding  wheels  a-^e  cut  out  of  solid  stone. 

b.    Bench  grinders  are  used  to  sharpen  chisels,  p-inches.  and  drill 
?  bits. 

?         c.    The  material  to  be  "ground"  is  pressed  against  the  rotating  ? 
wheel. 

'        d.    The  stones  are  turned  at  a  high  rate  of  speed. s 

7  ?????????????????????????? 


Note:    Refer  to  the  bottom  of  Frame  30  to  find  the  answeH  s)  to  the 
question  ibove. 
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90%  of  whoa  achUvad  che  objttCtlVM  «•  ttatad.    Th«  Uxt  has  b««n  uMd  for 
ovor  four  yMrs,  vlch  tppmlMtoly  3,000  atudmts*  and  is;)eoasid«r«d  valid. 

OBJECTIVES 


Whan  you  hava  complatad  thla  prograBmed  taxt,  you  will  ba  abla  to: 

1.  Match  a  liat  of  maaauring  toola  with  a  11a t  of  thalr  propar  uaaa. 

2.  Idantlfy  tha  unit  of  maaauranant  for  aach  of  a  llat  of  gagaa. 

3.  Match  a  llat  of  daclaala  with  a  liat  of  worda  which  daacrlba  tha 
auabara . 


4. 


•Fron  a  liat,  idantlfy  tha  parta^of  a  aicroaater. 


5.  Racord  tha  correct  naaaur  amenta  ahown  on  a  drawing  of  two  a  teal 
rulaa. 

6.  Match  a  list  of  measuring  toola  with  a  liat  of  correct  namaa. 

7.  Record  the  correct  readinga  of  four  micrometers,  from  drawlnga, 

INSTRUCTIONS 

In  this  programmed  text  you  will  be  given  infonaation  and  than  directed 
^o  solve  problena.    The  correct  anavara  for  tha  problama  will  ba  at  the  top 
of  the  page  following  the  queationa.    For  maxlaum  learning,  solve  tiCm  problem 
and  check  it  over  before  looking  at  the  "school  solution."    If  you  are  in  error, 
go  over  your  work  until  you  find  why  you  were  wrong,  before  proceeding  to  the 
next  frame. 
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Tht  flv«  parts  cowaon  to  Ul  cutsld*  ndcroMttrs  «r«i  frm;  ttiril; 
baml;  spladlt;  nd  tldabl*. 

Hm  tulf-Aoon  sh«p«d  part  of  tht  nicrom«t«r  la  ttaa  f£ififi.* 

Ttaa  nan-moTabla  aaaaarinf  aurf  aea  la  tha  aavU. 

Tha  axtflnalea  cqnnactwi  to  tha  oppoalta  and  of  tha  f  rama  f  roai  tha 

anvil  la  tha  ^arral* 

Tha  iMvabla  aaaaorlng  aarfaca  prc^zwUns  from  tha  barral  la  tha 
gpladLa. 

Tha  adjuatiag  davlca  surrouadlng  tha  barral  la  tha  thlabla. 


Corractly  labal  the  flva  parts  of  tha  mlcromatar  Indlcmtad  on  tha 
Illustration  bslow.  ,  ^ 


1. 
2.. 


IIDJUSTABLE 

STATIOMART 


3.. 


N07ABLS 


5. 
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AnmMrt  for  Fria*  li 

1.  Thimbu 

2.  B«mX 

3.  Spindle 
U.  Anvil 


Th«  Gtttside  mlcronetsr  Is  uaed  to  mMsure  the  diameter  and  round- 
ness of  objects. 


6.  Circle  the  letter  next  to  the  diagram  below  that  shows  the 
micrometer  in  ise. 


A. 


i  1   t   1   1  1 

MTTnrinT^nTpri'i'iMijrnin' 

i,        a.  ■  » 

t   1   1    t   1    1    1   1   i    1    i   i    1    1    i   !  1 

ERIC 


-^.^  


FP^   ~ 

 '  "'""^ 

Axwiwr  for  Frw*  2:    B.  thoimd  tha  nicroMUr  in  usa. 

 \               ■  ■■■  

?  -     • '  •  •  -^^i^^^ 

QtTESnON  7> 


? 
7 
? 

? 
? 


Circl«  the  latter  »th«t  identifies  the  corrrect  answer  i>el«r. 

The  outside  micrometer  ie  ueed  to  measare 

a.  small  linear  dlsttfices. 

b.  the  clearance  betvean  two  ob;}ect8. 

c.  end  play,  back  lash,  and  alignnent. 

d.  the  diameter  and  roundness  of  objects. 


? 

1 
t 

? 
? 


???????????V????????7??7?????????7??? 
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Place  the  letter  which  Identifies  each  part  of  the  micrometer  into 
the  space  provided  beside  the  name  of  the  part. 

8.  Splscle   

9 .  Thimble   

10 .  Frame   

11.  Barrel   

12.  Anvil 


Trmm  k. 


Aasirars  for  Frm«  3: 
Qttsstian  7.  d. 


9.  A 

10.  E 

11.  B 

12.  D 


Th«  outside  micrometer  haa  two  scales  called  the  barrel  and  thinJjle 
scales.   •  ■ 

The  barrel  scale  has  a  line  ruxmlng  lengthiiise  on  the  barrel. 
The  division  marks  are  spaced  horizontally  alons  this  line. 

The  thimble  scale  has  divisions  spaced  vertically  (around  the 
thimble. 


Label  the  two  micrometer  scales  shown  on  the  diagram  below. 


13.   lU. 


Aak  yoor  Inatruotor  for  an  ovttsldt  AleraMrttr.   Hot*  tiM  thinblt 
and  buTvI  leal*  ooacbraetlon.   Th»  barrel  aoala  indleatas  MMora- 
Miita  to  tha  naaraat  twwty^fiva  thoosandtha  (0.02$)  of  an  laeh. 
(Dbsarra  In  tha  dlagrw  balow  that  aach  muk  an  tha  barraX  soala  aqaala 
0.025  inch.   Iha  iiaaaaraMant  la  ra«d  nhara  tha  thiabla  aeala  maata 
tha  barral  scala.^  Thia  oaiiauramant  la  O.U25  Inch. 

0  .100  2  3  11 


-  IhljRbla 
O    Scala ' 


1  .050 

j.025  j.075 

1 1 1 1 1 

,  1 

r  1 

1  , 

Barrel  Scale 


Using  the  micrometer  given  zo  you^  set  the  barrel  scale  of  the 
micrometer  to  0.500  Inch.  After  setting  your  mlcrcneter,  compare 
your  setting  with  that  shown  for  number  15  on  the  top  of  the  next 
page. 


Set  your  micrometer  barrel  scale  to  0.375.  0.250|  and  0.125.  After 
aatting  the  ffLorometer  on  each  setting,  compare  your  work  with  Uiat 
shown  for  numbers  16,  17,  an^  18,  reapectlvely,  on  the  top  of  the 
next  page. 


Frm  6. 


>rfS  , 

Solutions  for  Frams  5: 


15. 


•     >      •     i  • 


ttilniliiiiiiiiiiit- 


16. 


[iiilmiiiiliiE 


17. 


18.  7 

y 

ft  / 

One  full  ttim  of  the  thimble  scale  (zero  to  zero,  for 
exanple)  will  expose  or  cover  0.025  of  an  Inch  of  the 
barrel  scale.    The  thimble  scale  Indicates  meaourementa 
to  thvi  nearest  one -thousandth  (0.001)  of  an  Inch. 
Observe  on  the  figure  to  the  right  that  eash  mark  on 
the  thlnble  scale  equals  0.001  Inch. 
The  measurement  la  read  vhere  the  0 
thimble  scale  meets  the  horizontal 
line  on  the  barrel  scale.  The 
thlnble  scale  shown  has  been 
stretched  out  so  as  to  ahov  the 
entire  scale. 


1 


i 


1 


barrel  Scale 


In  order  to  obtain'  the  con^lete  measurement  of  the 
barrel  and. thimble  scales,  these  readings  must  be 
added  together.    The  barrel  scale  reading  shoun  is 
equal  to  0.125  Inch.    The  thlnble  scale  reading  shown 
is  O.023  inch.    The  sum  of  0.125  ♦  0.023  le  O.liiS  Inch; 
therefore,  the  measurement  shown  on  the  diagram  to  the 
right  Is  O.liiS  inch. 


rlO 


5 
-4 
-3 
-2 

-1 
-0 

-2U 

23 
•22 
-21 
-20 


-15 
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S«t  your  nlcroMttr  to  0.1^9.    KftT  that,  ccvpArt  ycur  nicrooitUr 
s«ttiag  to  the  figars  sheim  on  th«  top  of  th«  next  trtm  after  the 
niuiber  19. 


V 


Set  /our  mlcroMter  to  0.3U2,  0.393>  and  O.87I.    Compare  each  of 
your  ffllcroDieter  settings  to  those  shown  at  the  top  of  the  next  frame 
after  numbers  20,  21,  and  22  respectively. 


Record  the  micrcneter  readings  shown  on  the  Illustrations  below, 
to  the  nearest  0.001  Inch,  In  the  space  provided  below  each  figure. 


Return  your  micrometer  to  the  instructor  after  successfully 
cookie  ting  this  part  of  the  exercise. 


■  1 

# 

Frame  8. 


23.    0.291       .2U.    0.086        2$,  0.0U9 


Thickneas  gauge  ,  Spark  plug  gauge 


The  thickness  gauge  is  used  to  measure  the  clearance  between  objects. 

The  spark  plug  gauge  is  used  to  measure  and  adjust  the  spark  plug 
electrode  gap. 


^  4  . 


9. 


TIdN  26. 


-■y-T-T-r;:::::::::-- :„:-::: :v;::: ■  r;:;::::::;::  

7     Circle  the  letter  Hfalch  identifies  the  correct  answer  to  the  state-  7 

Eithei*  «  thickness  gwige  or  e  spark  plug  gauge  nay  be  used  to 
?  7 
a.    measure  spark  plug  electrode  clearance. 

7  b.    measure  valve  stem  to  rocker  am  clearance.  7 

^  e.    adjust  spark  plug  electrode  clearancJc  ^ 

d.    adjust  valve  stem  to  rocker  am  clearance. 

??7???7??7777?7?7?77??7?7???????????7 

QOESnONS    27  through  29. 

??????????????7????7???????????????7? 

?     Natch  the  measurixtg  tools  to  their  uses  by  recording  the  letter  that7 

identifies  each  use  in  the  space  provided  beside  the  name  of  each 
?  measuring  tool.  ? 

?  27.    Outside  micrometer  «•    Used  to  measure  and  adjust  7 

spark  plug  electrode  gap. 

?  28.    Spark  plug  gauge    ? 

b.    Used  to  measure  the  diameter 
?  29.    Thickness  gauge    and  roundness  of  objects.      '  ? 


7  c.    Used  to  measuro  the  clearance  ? 

^^tween  two  objects. 
7  7 

????????????????????????????????????? 


Frsae  10. 


Ansiwra  to  prevloua  questiona: 

26.  «. 

27.  b. 

28.  a. 

29.  c. 


The  thiclaiesa  gauge  conaista  of  a  number  of  leevea,  each  having  a 
<iiffer«nt  thlckneaa.  ^ 

Each  lejf  of  a  thlckneaa  gauge  la  atamped  with  a  number  to  indi- 
cate ita  thlckneaa  in  terma  of  thouaandtha  of  an  inch. 

The  apark  plug  gauge  conslata  of  aeveral  wirea  htvlng  vaploua 
dianetera. 

^Numbera  are  atemped  on  the  apark  plug  gauge  to  Indicate  the  dia- 
meter of  each  wire. 

Each  number  atamped  on  the  thlckneaa  gauge  and  on  the  apark  plug 
gauge  conalata  of  three  numbera  preceeded  by  a  decimal  point. 

To  read  the  numbera  atamped  on  thlckneaa  and  apark  plug  gaugea. 
read  the  number  aa  it  appeara  id.thout  the  decimal  and  then  add  the 
worda  "thouaandtha  of  an  inch." 


(jmsnass  30  through  33. 

?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  7  ?  7  ?  ?  ?  ?  ?  7  ?  7  7  7  ?  7  ?  7  7  ?  ?  7  ?  7  7  ? 

^  th*?*^dlJ?;^"*^^*''S      ?!         dwcrrlptlons  by  recording  the  letter  7 

that  idmtlfiea  each  word  deacrlption  In  the  apace  provided  bealde 
7  94cn  nizBDer. 

? 


7  30.  0.03^ 

31.  0.021 

^  32.  0.900 

7  33.  0.009 


a.  Tweoty-one  thouaandtha. 

b.  Nine  thouaandtha. 

c.  niirty-five  thouaandtha. 

d.  Hlne  hundred  thousandth* 


? 
? 
7 


7  7  7  ?  7  ?  7  7  7  ?  7  ?  7^7  7  7  7  7  7  7  ?  7        7  ?  7  7  7  ?  7  ?  7  7  7  ?  7 


rESnarS    3U  through  37. 

???77?7?????  7  ?????????????????????? 

Record  th«  letter  thAt  identifies  each  decinalv^umber  in  the  space 
provided  beside  the  words  which  describe  that  number. 


3U.  Twenty  thoosandths. 

3^.  Two  hundred  thousandths. 

36.  Two  thousandths. 

37.  Twelve  thousandths. 


a.  0.012. 

b.  0.002. 

c.  0.020. 

d.  0.200. 


7??77???????????7?????777?7???77'???? 


Ahawsn  to  Qu«scloii«  34  throu^  37; 

34.  c. 

35.  d. 

36 .  b . 

37.  «. 


Th«  vacuum  gauge  la  uaad  to  naaaura 

the  amount  of  vacuum  created  by  the 

engine  or  the  fuel  pimp. 

Vacuum  and  fuel  pump  teater  showa 
overall  engine  performance  and  fuel 
pump  preaaure  under  true  operating 
conditlona.    Thla  teater  ahova  fuel 
pump  condition  and  glvea  vactmm  and 
preaaure  readings.    The  acale  la 
calibrated  0-30  Inches  of  vacuum  and 
0-15  lbs  pressure. 

Pressure  gaugea  are  uaed  to 
measure  the  amount  of  pressure  created 
In  air  and  hydraulic  brake  systeu, 
fuel  pmps,  cooling  systems,  and 
automatic  tranamlaalons . 

The  compression  gauge  is  uaed  to 
meaaure  the  amount  of  pressure  created 
In  the  cylinders  of  an  engine. 


Compression  tester.    Insert  the  head  In  the  spark  plug  opening  and  It 
automatically  seals  Itself  when  the  engine  I's  cranked. 


or 
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Tbm  dimX  indicAtor  Is  u0«d  to 
B«Mtti^  «ii4  pli9»  b*ekl««b,  t«p«r  or 


in  thouaandth*  of  an  inch* 


fTtm  14 


QUISTZQIS  38  thi«u|h  41. 

^M^^^  ^^  ^  ?  ^  ?  t  t  t  t  t  ?  t  t  %  M  l  ?  ?  f  M  t  ?  f  f  t  f  f  t  t  t  t 
Match  ch«  gaugas  to  fchalr  usm  balov  by  racordlng  tha  la t tar  that 


Idaatlflaa  aach  gauga  la  tha  apaca  provldad  baalda  th«  aypcoprlata  t«a 

a.    Vacum  gauga. 


38.  Uaad  to  Maaura  tha  aaovnt  of 
praaaura  craatad  In  air  braka 
ayataaa,  hydraulic  braka  ayataai, 
fual  ptaapfl,  cooling  ayattaa,  and 
autoaatic  tranaviaaiona . 

39.  Uaad  to  aaMura  tha  a^unt  of 
vacuus  craatad  by  tha  angina 
and  fual  piaip. 


b.  Dial  Indicator. 

c.  Coop res a ion  gauga. 
d;    Pretaura  gauga. 


40.  Uaad  to  Maaura  and  play, 
backlaah,  tapar  or  waar, 
aligoaant,  and  out  of 
roundnaaa  in  thouaandtha  of 

an  inch. 

41.  Used  to  naaaure  tha  aanuct  of 
praaaura  in  tha  cylindan  of 
an  angina 


77????????????7?7??????7???????7???77 
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Ftm  is. 


* 

39.  «. 

UO.  b. 

Ul.  c. 

Atmo^sfle  prttsaar*,  th»  «lr  around  a«,  «nrt8  «  prMsura  of  1U.7 
pcunda  p«r  sqatr*  iaoh  (P3I)  «t  sm 

A  ▼acuum  is  %  spac*  wh«r«  th«  pmsare  is  Isss  than  itaoopharic 
prsssura. 

One  PSI  oxortad  on  a  tab*  ccntalnlng  a  colunn  of  marcury  ana  inch 
in  diamatar,  vlll  ralsa  tha  column  of  marcur/  3 '0369,  inchaa;  thara- 
fore«  ona  PSI  is  aqaal  to  2.0369  Inchaa  of  mareorj. 


Tha  unit  of  maasuraBwt  of  a  vacuum  gauca  is  inchaa  of  marcuiy. 

Tha  unit  of  naasuraaant  of  conpraaaion  and  prassora  gaugaa  is 
pounds  par  squara  inch  (PSI). 

Tha  unit  of  maasuronant  of  a  dial  Indicator  ia  thouaandths  of  an 

inch. 


QOESTIOMS    U2  through  Wi. 

????????????7???????7?77???  777??????? 

7 


?     Match  tha  maasurlng  toola  to  thair  typical  units  of  maasurement  by 
recording  tha  lattar  that  idantifiss  «4ch  tool  in  tha  space  provided 
7  basida  tha  appropriate  unit  of  maasuramant  below. 


U2.    1^  inchaa. 
U3.    130  PSI. 
hh.  0.010. 


a.  Compraaaion  and  pressure  gauges. 

b.  Dial  indicator. 

c.  Vacuum  gauge. 


? 
7 


7Y77^Y77??????7?7???77?77?7??7?7??7?? 


^  ^  -> 
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frtM  16. 


2S< 


~  

■  Anami 

to  Qo««Ufln«  U2  throttgli  liU. 

'  f 

c. 

* 

b. 

QffBSTIONS   U5  through  U7. 

?  ?  ?  ?  ?  ?  7  ?  7  7  ?  ?  ?  ?  ?  7  ?  ?  ?  ?  7  ?  ?  7  ?  7  ?  ?  f  ?  ?  7  7  7  Y  7 

7     Rjcord  the  lottor  that  Identiflo*  Mch  g«ug«  in  the  apaco  provldad 
beside  the  appropriate  unit  of  measurement  below. 


hS*  ^nlt  of  measureoient  is 

7  thousandths  of  an  Inch. 

?  U6.  Unit  of  neasuranent  is  j 
inches  of  mercury.  ' 

7 

U7.  Unit  of  measurement  is 

?  pounds  per  square  inch. 


a.  Pressure  and  compression 
sauces. 

b.  Vacuum  gauges. 

c.  Dial  indicator. 


?  ?  7  ?  ?  7  7  7  7  7  ?  ?  ?  7  7  ?  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  ^  7  7  7  ^ 
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E^r  ft- 


17. 


 •  _  -  

 : ■  - 

 --- 

* 

Aamtrs  to  Quastions  U5  through  U7. 

b. 

• 

U7.  a. 

1                           _  , 

q^CSTIGHS   U8  through  51* 

???77?7777???77??777???7?7??777?????7 

? 


7     Match  tha  maasariag  tools  to  thalr  usaa  by  racording  tha  lattar 
which  Idrntifias  aach  usa  in  tha  approprlata  spaca  provldad  baalda 
7  tha  nana  of  aach  aaaauxlng  tool.  ? 

7  U8.  Vacuum  ga\iga.   

7  U9.  CaoqiraaBlon  gauge. 

7  $0.  Dial  Indicator.   

7  51.  Prassura  gauge.   


7 

7 
7 


a.    Usad  to  maamira  end  play,  back-? 
laah,  tapar  or  waari  alignment . 
aad  cut  of  roundnaaa  tn  thou-  7 
aandths  of  an  inch. 


b.    Used  to  naaaura  tha  a»ount  of 
praasura  in  brake  ays  tenia,  fuel? 
puapa,  cooling  systana,  and 
automatic  tranaadsaionfl .  ? 

e.    tJaad  to  maaaure  tha  amount  of  ? 
praasure  created  in  the  cylin- 
ders of  an  engine.  7 

d.    Used  to  measure  tha  amount  of  ? 
vacuum  created  by  the  engine  or 
fuel  pump.  7 


7??7????7?7?7?77?7?77?77???77???????? 


18. 


$0.  1. 
51.  b. 


The  9t0«l  rule  is  used  to  meAsurs  small  llasir^staaces. 


qaESTIOM  $2. 

?  7  ?  7  7  ??????????  7  ?  7  7  7  7  7  7  7  7  7  7  7  7  7  ^  ,  ^  ^  ^  ^ 

?     Circle  the  letter  which  identifies  the  correct  answer  below: 
The  steel  rale  can  be  used  to  wasure  the 

a.  circumference  of  the  crankshaft. 

b.  length  of  bolts  and  screws. 

c.  diameter  of  a  crankshaft. 

d.  clearance  between  valves  and  rocker  arms. 


7  7  ?  7  ?  7  7  7  ?  7  7  ?  7  ?  7  7  7  ?  ?  ?  7  7  7  7  7  7  ?  7  7  »  ?  7  7  7  ?  7 


1  — 


19. 


— tii? 

*  1 

Anmr  to  QiMttian  $2t    b.  (X«agth  of  bolta  ind  sertira) . 

Th«  tlx-lnch  st—1  ralm  bM  four  scaloa,  two  <a  OMh  lidAK 
Tho  foar  acalM  on  a  ateol  ruLo  art:  l/o",  1A6",  1/32".  tad  l/^U". 
Each  inch  on  th«  1/8  iJich  scalo  !•  divided  Into  8  parts. 
Each  Inch  on  tha  1/16  inch  scala  ia  divided  into  16  parta. 
Each  inch  on  the  1/3?  inch  acala  ia  divided  Into  32  parta. 
Each  Inch  on  the  1/6U  inch  scale  la  divided  Into  6U  parta. 

The  numerator  ia  the  top  part  of  a  fraction. 

The  denominator  ia  the  botton  part  of  a  fraction. 

When  readirj  a  measurement  on  »  steel  rule,  count  the  number  of 
full  inches  and  write  down  that  number.    Count  the  number  of  narka 
past  the  last  full  inch  and  write  that  nvmiber  as  your  numerator, 
then  determine  which  acale  jou  are  uaing  and  wnVte  that  number  aa 

your  denominator. 
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20. 

TICKS   53  throat  56. 

T  T  T  r  T  T  i?  ?  1 1  t  ?  ?  r  r  r  r  r  t  r  ?  7  7  ?  ?  ?  ?  ?  ? 

?  53.    His  MAsumtnt  shown  on  tlw  1/16  laeh  aeale  b«loir  l« 
?  51*.    Th©  meMuro&ant  ahowi  on  the  1/8  iaeh  so«l«  below  la 


?  ?  ?  7  7 
.  ? 


{— H.  

•''l"'l'"!'li|i|i|T|i|i|i|i|iji,,, 


I       I  I  I  I  I  f  I  I  I  I  I 


? 
? 
? 
? 
? 
? 
? 
? 
? 
? 

'  '1  f 

?  ' 

? 

^55.  The  maasuronient  ahowi  on  tha  1/32  inch  scale  above  la 

^56.  The  meaflur«nont  ahcTun  on  the  1/61*  inch  scale  above  la 


ti        01  •«   ti  • 

1  •• 

»<  Ot  t«  II 

•     »    I    t<       01  w 

64 

1 

2 

•     !•    14  >•    «0  «t 

>•   t«  St  40 

»•    j     •    It  >«  u 

•0  40  »•  / 

.  ? 

7 

? 

7 

7 

7 

7 

7 

? 

? 

7 
7 
7 

7 
? 
? 


7  ?  ?  ?  ?  ?  ?  ?  ?  7  ?  ?  ?  7  7  J  ,  J  7  7  7  77  7  7  J  J  ^  ,  ,  J  ^  ^  ^  ^  ,  ^ 
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21. 


Anmra  to  Qoastlana  53  through  56: 

53.  1  5/16 

5U.  2  7/8 

55.  2  25/32 

56.  1  3/6U 


QDESnONS   57  through  6U. 

????7????7?7???????777??7????????7777 

?     Racord  the  letter  that  identifies  each  meaeuring  tool  in  tha  right  ? 
column  in  tha  space  provldad  besida  its  use  la  the  left  coluan. 


? 

? 

9 

ft 

? 
? 

7 
? 
? 
? 
? 
? 
7 
? 
7 
7 


57.    Used  to  measure  the  amount  of 
pressure  created  in  the 

cylinders  of  on  engine. 


58, 
59 


Used  to  measure  the  dimeter 
and  roundness  of  objects. 


a.  Spark  plug  gauge. 

b.  Pressure  gauge. 

c.  Thickness  gauge. 

d.  Vacuum  gauge. 


Used  to  measure  end  play,  back- 
lash, taper  or  wear,  alignment,    e.  Micrometer. 
^pd  out  of  roundness  in 
thousandths  of  an  inch. 


f,    Coapresslon  gauge. 


60.  Used  to  measure  and  adjust 
sparic  plug  electrode  gap. 

61.  Used  to  measure  the  clearance 
between  two  objects. 


g  Dial  indicator/, 
h.    Steel  role. 


7 

7 

* 

7 
7 

9 

* 

7 

? 
7 


62.  Used  to  measure  small  linear 
distances. 

63.  Used  to  measure  the  amount  of  -pressure  created  in  air 
brake  systems,  hydraulic  brake  system,  fuel  systems, 
cooling  syitens,  and  autcnatic  transmissions. 


? 
7 


6U.   Used  to  Masure  tha  amount  of  vacAxiim  created  In  the  engine7 
or  fuel  pump. 


7?77?7???????????????7??7???'??'^--^^'^ 


ERIC 


Prane  22. 


(JTESHOSS   65  through  68. 

???????7??7????7?7?????7?7777  77^^77^^ 


?     65.    Record  measurement  "A". 


66. 
67. 


? 
? 
? 
? 
? 
? 
? 
? 
? 
? 

? 

.7 

7 
? 

7  ?  ?  ? 


1. 


M'iii'jii»iMiiMqMqnTiTiM'<1'''l'iT'T'T'T'T>'l'>H'>'lM'|M'|'i'Pi'|'M 

n       OS  ft  »l    t    *    \    •!  »«  0<  ti   II    •     »    I    tX  •!  01  «    *•    •  V 

1  2  8< 


64 

•    i«  t«  St  «0  «*  9«    I     •    IS  |«  S<   40  «•  $•    I     •    !•  f4 


B. 


St  «o  ««  i« 


Record  measurement  "B" . 
Record  meeaurement  "C. 


68.    Record  measureneot  "D". 


7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

? 


??777????7?77?????????7???77?7777 


ERIC 


68.    2  3/8 


gjESnCMS   69  through  73. 

7???????7??7????????7?????^??'----^*^ 

7     R«5ord  th«  letter  that  ld«tifl«a  each  B»«5urljig  tool  In  the  spaca  7 
provldwl  baaida  tha  nana  of  tha  appropriate  tool. 


69.  Hleronatar 

70.  IMciaiaas  gauga 

71.  Spark  plug  gaoga 

72.  Dial  Indicator  ^ 

73.  Steel  rule 


TOLCKAM 
MARKERS 


7 
7 
? 
? 
? 


A. 


-fO.OOiZ  IN. 


0.756  IN. 
MASTER 


m. 


7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 


THE  END 
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3^n^ral  Purpose  Veh^<fla  Rapalrmn.  Part  1 


•COCK  TITkC 


Frlnelplas  of  ZnttrnaX  Ci 

ombuation  Bnginsa  and  Engine  Diaataambly 

LMMM  OmiATION 

-«ci»w»./Uboratory 

DAD  ^  Hrs/Pwt  2  Hrs  | 

KNNilHNW/Coinpiainantayy  1 

0  Hra  1 

TOTAL 

6  Hrs  . 

pun  nepcitNCf 

^AIIAMAf^N 

-mam  ■  '                                     ^1  o*t« 

SrS  U73XO                                               1  3  3«pU«b«r  197U 

tmHATUIII 

DATC 

•HIiiATUflK 

OATl 

• 

PtlCLAtt  PW 

EPAAATKM 

KOmWT  tOC*TC0 
M  LASOMATOnV 


KQUIPWHT 


CLAMIPWO  MATtmAI. 


«IIA»tMC  AIM  AMO 
UHCkAiMPlie  MATKMAC 


1.  Trainer I  60-275? 
p .       -  66-3299 

3,  -  60-258i> 

4.  Mechanic's 
Common  Hand 
Tools 


None 


None 


1.  3ABR47330-SG- 

201 

2.  3ABR47330-WB- 
202 

3.  3ABR**7330-WB- 
2  02 A 

|^^.  Fllmi  ?  C 

23-55A 


CIlTCmON  OftJECTIVtS  AND  TEACMINO  ITIM 


Without  references,  identify  baaic  facta,  principles  of  operation, 
function    and  relationahip  of  engine  ayatem    and  eomponenta  with 
70%  accuracy. 


Teaching  Stepa  are  Listed  in  Part  11 


1 


INTRODUCTION 


Approx  IS  Hin 


tSir  experltnc.  with  tnglnts.   Relate  tht  Importance  of  vehicle  support  to 
overall  defense  efforts. 

Review:  Briefly  review  the  use  of  the  technical  order  system  as  it  relates 
to  vehicle  maintenance. 

Overview  &  Tle-in:   Participles,  and  classification,  "^ing  applicabTk  te^^ 
orders  and  coomercial  publications,  and  be  able  to  answer  written  and/or  oral 
questions  with  at  least  701  accuracy. 


2. 


3. 


BODY 


Approx  5  Hrs  30 


PRESENTATION:  Ref  part  1  para  a 
1. 


Guide  a  discussion  on  terminology, 
the  relationships  Involved,  and  how  they  apply  to 
automotive  engines 


a.  Terminology 

(1)  Mfg  specs  and  their  Importance 

(2)  Vacuum 

(3)  Atmospheric  pressure 

(4)  Pressure  differentials 

b.  Four  stroke  cycle 

ft 

(1)  Intake 

(2)  Compression 

(3)  Power 

(a)  Heat 

(b)  Pressure 

(4)  Exhaust 


Show  film,  FLC  23-55A  WHERE 
MILAGE  BEGINS 


Sumnarize  here  ^ 

60-2584,  4-stroke  cycle  trainer 


2¥f 


(a)  Pressure  * 

(b)  Valve  overlap  and  its 
purpose 

Operating  theory  and  terns 

(1)  T.O.C  (Top  Dead  Center) 

(2)  6.0. C.  (Bottom  Dead  Center) 

(3)  B.T.D.C.  (Before  Top  Dead  Center) 

(4)  A.T.p.C.  (After  Top  Dead  Center) 

(5)  Power  overlap 

(6)  Volumetric  efficiency  and  how 
It  Is  affected  by  speed  and 
throttle  opening 

(7)  Compression  ratios  (volume 
relationships) 

(8)  Compression  pressures  and  how 
they  vary  with  speed  and 
throttle  opening 

(9)  Piston  displacement 

(a)  Bore 

(b)  Stroke 

(10)  Inertia  (resistance  to  a 
change  of  speed  or  motion 
as  related  to  the  pistons 
and  flywheel) 

(11)  Torque  (twisting  force) 
Two  stroke  cycle 

(1)  Compression  and  power  strokes 
only 

(2)  Intake  and  exhaust  between 
strokes 


Summarize  here 


Sunrnarize  here 


(2) 


e.     Engine  classifications 

(1)  Clock  design 

(a)  In-line 

(b)  V-block 

(c)  Horizontal  opposed 

(2)  Valve  arrangement 

(a)  I -head  (both  valves  in  head) 

(b)  I-head  (both  valves  in  block) 

(c)  F-head  (exhaust  valve  in 
block,  intake  valve  in  head) 

(3)  Cooling  system 

(a)  Liquid 

(b)  Air 

(4)  Fuel 

(a)  Gasoline 

(b)  Diesel 
Ref  part  1  para  a 


61-2802  Chev  Engine  Cuttwey  'VS' 


APPI.ICATIOM 


Using  tools,  equipment,  and  applicable 
publications,  the  student  will  perform 
tasks  assigned.    All  safety  precautions 
will  be  observed  and  adhered  to. 

a.     Remove  and/or  disconnect  the  follow- 
ing engine  components  and  accessories 
from  engine  trainer  as  directed 

\1)    Electrical  system  units 

(2)    Fuel  system  units 


Sumnarize  here 


Sunriarize  here 

Use  3ABR47330-WB-202 
Use  3ABR47330-WB-202A 


Trainer  60-2759,  International 
engine  assemblies 
Mechanic's  Connon  handtools 


(3) 


(4)   Cooling  system  units 
EVALUAllON; 

1.  How  are  vacuum  atmospheric  pressure, 
and  pressure  differential  related? 

2.  List  in  order  the  strokes  of  the  four 
stroke  cycle  engine. 

ans:  Intake,  compression,  power  and 
exhaust. 

3.  How  are  engines  classified? 

ans.  Block  design,  valve  arrangement, 
cooling  system  and  fuel 

4.  How  does  the  I -head  differ  from  the 
L-head? 

ans:  I-head  has  both  valves  in  the  head, 

6.     How  do  different  speeds  and  throttle 
openings  affect  compression  pressure? 

ans:  As  throttle  opening  increases, 
there  Is  a  larger  volume  of 
air/fuel  mixture  to  be  compressed 
into  the  same  space,: thus  creating 
greater  compression  pressures. 

6.  How  }$  volumetric  efficiency  related  to 
coiiipi^ession  pressure? 

ans:  As  volumetric  efficiency  goes 
down,  there  Is  a  smaller  amount 
of  air/ fuel  mixture  In  the  cyl- 
inder, therefore  when  It  is  com- 
— s.  P^'essed  pressure  In  the  cylinder, 
\  therefore  when  It  Is  compressed 
\1n  the  cylinder  will  be  lower. 

7.  How  does  a  two  stroke  cycle  engine  differ 
froM  a  four  stroke  cycle  engine? 

ans:  Every  stroke  of  a  two  stroke  cycle 
engine  is  either  compression  or 
power,  while  intake  and  exhaust 

••ro  actCHiiplisheti  helween  strikes. 


a. 


'     »'^"*-'^  ^"'PuUe  transmitted  to  the  flywheel 


ans:  Through  tht  f>iston,  wrist  pin,  con- 


9.     Uhat  Is  the  purpose  of  the  crankshaft? 

ans:  To  change  reciprocating  motion  to 
rotary  motion. 

10.  How  is  valve  movement  related  to  piston 
posi  tion? 

ans:  The  valves  must  open  and  close  at 
the  proper  time  in  order  that  the 
air/fuel  mixture  Is  let  Into  the 
cylinder  on  the  intake  stroke  and 
so  that  both  valves  are  closed  on 
the  compression  and  power  stroke. 

11.  Hov  \%  the  correct  relationship  between 
val/e  position  and  piston  position 
maintained? 

\      ans:  riming  gears  or  chains 

^^12.     Explain  the  operation  of  the  valve  mechanism? 

ans;  The  camshaft  changes  rotary  motion 
into  reciprocating  motion,  which  is 
then  transferred  to  the  valve  through 
a  mechanical  linkage  and  opens  the 
valve.    The  parts  that  transfer  the 
(notion  are;    the  lifters,  pushrods, 
and  rocker  arms.    The  valve  is  then 
closed  by  spring  tension  from  the 
valve  springs. 

CONCLUSION  Approx  15  Min 

SUMM'ARY  AilO  REMOTIVATION: 

1.     Review  the  major  areas  of  today's  lesson  to  be  sure  the  students  have  become 
familiar  with  the  objectives  and  key  points  as  stated  on  L/P  covered  sheet. 
Ren'Otivate  student  by  emphasizing  why  he  needs  to  remember  the  objectives 

taii'jht. 

ASSIGNMEili  AND  CLOSURE: 

*StiJ(]'  Methods:    Using  SQ3R  METHOD  Study  and  answer  questions  at  the  end  of  the 
chapter  or  progranmed  text.    Use  study  guide  3ABR4733O-SG-202. 

Wrap-up:    fhis  concludes  the  subject,  but  the  information  learned  here  will  be 
applied  as  the  student  continues  in  the  course.    Review  of  this  study  guide  and 
inf'.. .nation  is  recommended  throughout  the  course. 
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INSTHUCTOH 


COUMC  TITI.C 


Gfrifw^l  P^rt»ea#  V^Mfr^^  Part  I 


•lock  tiTwC 


LtssoN  TITLE Kn^?:lne  DisaasemI 
Servicinf^,  Engine  Reassi 

aly.  Engine  Components  Inspection  and  Parts 
smbiy.  Opera tion«  and  Valve  Adjustment 

LISSOM  DURATION 

CLASSROOM/ Laboratory 
D4D  6  Hrs/Perf  12  Hrs 

A^mAWM  /complementary 

0  Hrs 

▼OTAC  / 

18  Hrs 

^01 REPCRtNCI 

»AOt  OATt 
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STS  U73XO 

OATt 
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IIONATMRC 

OATC 

Pi«eCLASS  PREPARATION 

eOutPMCNT  cocatcz 

m  LAeOlATOilY 

cOuifmCnt 

CLAttlPltD  MATiniAl. 

Dm 

  \ — 

OMAPMIC  AIDS  AND  : 

1.  Trainer  160-2759 

2.  Measuring 

^  Special  Tools 

3.  Spring  Testers 
^.   Timing  Light 

5.  Vacuum  Pressure 
Gauge 

"1,  Torque  Wrench 

> 

None 

1. 

2. 

3. 
4. 

202 

PABR47330-WB- 
■  962 

3ABR47330-WB- 
2  02 A 

Film  TV  77-661 

( Over) 


fttTERiON  OBJECTIVES  AND  TCaCHINC  STEPS 


f Over) 


a. 


b. 


d. 


ATC 


Given  an  engine  trainer  and  tools,  practicing  all  safety  precautions, 
disassemble  an  Engine,  following  all  the  procedures  outlined  in  the 
student  workbook. 

Given  engine  traher  and  components, 

-tools,  equipment  and  workbook,  practicing  all  safety  precautions,  in 
spect.  repair,  and/or  service  engine  components  I AW  procedures  and 
specifications  in  student  workbook,  with  instructor  guidance  as 
required,  on  more  difficult  tasks. 

Given  engine  trainer,  tools  and  practicing  all  safety  precautions, 
reassemble  engine  trainer  following  all  the  procedures  outlined  in 
student  workbook. 

Given  engine  trainer,  workbook,   tools  and  equipment,  practicing 
automotive  personnel  and  equipment  shop  safety,  use  visual,  auditory 
operational  means  and  test  equipment  to  check  and  adjust  engine 
mechanical  systems  lAW  oroeeduroft  mitUn^A  \^  «f»rf^n»  w^^t^K^^u  (Over 


AUO  ^» 


770 


i 

CRITERION  OBJgCTiyE  AND  TEACHING  STEPS 


"Ttsohitig  Steps  are  Listed  in  Part  11 


EQUIPMKNT  DOCATRD  GRAPHIC  AIDS  St 

IN  LABORATORY  UNCUSSIFIED  MATERIAL 

6.  Engine  Tachomometer  5-  Charti  CAFB  65-I83 

7.  Compression  Gauge 

8.  Rod  Alignment  Tester 

9.  Mechanic's  Hand  ToolSjC'^^/^^'y 
10.  Miscellaneous  Engine  Components 


INTRODUCTION 


Approx  30  Min 


1. 


systans  htlp  tnglne  bptrate  swoothtr  knd  lift  longtr. 

2  Rev1«w:   Relate  to  previous  lessons  on  engines  &  review  questions  tt  the 
end  of  Chepter  202  of  the  Student  Study  Guide* 

3  Overviei*  end  TIE  IN:   At  the  end  of  today's  lesson,  students  will  detcribe 
the  operation,  inspection  and  repair  of  cooling,  lubrication  and  crenk- 
case  ventilating  systems  and  componeots. 


PRESENTATION/Appl 1 cat1 on 

1.    Guide  a  discussion  on  the  operating 
principles,  inspection  and  repair 
of  cooling,  lubrication  and  crank- 
case  ventilating  systems  and  their 
components.    Reference  Part  I 
Para  III  a&b 

a.    Cooling  systems 

(1)  Purpose  •  dissipate  exces- 
sive heat 

(2)  Types 

(a)  Liquid 

(b)  Air 

(3)  Components  and  servicing  of 
a  liquid  cooling  system 


loss  of  coolant  through 
overflow  pipe  under 
normal  conditions 

2  Raises  boiling  point  of 
coplant  for  higher 
temperature  operation 

3  Check: 

a   Proper  pressure 
operation 


BODY 


Approx  5  Hrs 


(a)   Pressure  radiator  cap 


1   Seals  system  to  prevent 


Use  special  cap  tester 
Use  chart  CAFB  65-183 
"Pressure  Radiator  Cap* 


b  Optratlon  of  vacuum 
valve 


Suninarlzc  h«rt. 


(b)  Radiator 

1^  Heat  exchanger 
2  Check: 

a   Flow  test 

b   Cold  spots 

z   Air  suction 

d   Pressure  test  Use  pressure  cap  tester 

e   Leaks  -  scale  or 
water  marks 

f   Antl-freeze  solution 

(c)  Hoses 

2  Transfer  coolant 

2   Check:  Show  radiator  hotti 

a    For  cracks  and  leaks 
b    For  Inside  deteriora- 


tion 


£   For  spongy  feeling 


Sunmarize  here. 


(d)    Water  jackets 


l_  Check  core  hole  plugs 
for  leaks 


2   Exhaust  gas  leakage 


(e)  Thermostat 


Use  thermostat  tester  '  end 
thermostats 


1^  Control  operating 
temperature  of  engine 


2   Check  for  opening 
temperature 


(f)    Water  pump 


Show  water  pump 


1   Circulate  coolant 


(2) 


1  CNck  I 

a  Leaics 

b   Bwrlng  wtar 

c  Operation  by  fwling 
surge  in  top  radiator 
hose 

(g)  Fan  and  belt 

To  dra*»  air  through 
radiator 

2  To  drive  water  pump 

3  Check: 

a   Loose  fan 

b   Bent  fan  blades 

c   Belt  condition  and 
proper  tension 

(h)  Coolant 
1_  Check: 

a  Rust  and  scale 
(1)  Accessories 

1_  Temperature  sending  unit 

2  Temperature  gauge 
(j)    Clean  cooling  system 

1^  Use  cleaning  compound 

2  Flush  radiator  and 
engine 

3  Back  flush  If  necessary 
Components  of  air  cooling  systems 

(a)  Head  and  barrel  design  (finned) 

(b)  Air  deflectors,  shrouds  or 
baffles 


SuniMrIze  here 


Sunmarize  here. 


ic)  Fans 
(d)   on  cooler 
b.    Lubricating  system 

(1)  Purpose 

(a)  Reduce  friction 

(b)  Assist  In  cooling 

(c)  Clean  engine  parts 

(d)  Seal  piston  rings  and 
cylinder  walls  to 
prevent  blow-by 

(e)  Absorbs  shock 

(2)  Engine  oil 

(a)  Claiiified  according  to 
its  resistance  to  flow 

♦  (vfscosityj 

(b)  Graded  by  a  series  of  SAE 
numbers  (SAEIOW,  20  20W.  etc) 

(c)  Se'-vlce  rating  (SE.  SO,  SC, 
SB,  SA:    CO,  CC,  CB,  and  CA) 

(d)  Check  engine  oil  level 
(3)    Types  of  lubricating  systems 

(a)  Splash  (obsolete) 

(b)  Splash  and  force  feed 

(c)  Force 

(d)  Full  force  feed  or  full 
pressure 

(4)  Components 

(a)    on  pan  ^ 

1,   on  reservoir 

2   Check  for: 

i  Dents 


Sunmarlze  here. 

Use  chart  CAFB  65-182 
"Lubrication  system.  In-line 
and  V-type  engines" 


Sunmarlze  here 


o 

ERIC 


>  Leaks 


(4) 


(b)  on  strainer  (pick-up) 
\   Hinged  to  oil  pump 

2  Floats  on  surface  of  oil 

3  Check: 

Freedom  of  movement 
b   Intake  screen 

(c)  on  pump 

1^  Provides  oil  under 
pressure  to  an  moving 
parts 

I   Types  of  pumps 

a  Gear 

b^  Rotor 

c  Vane 

3  Pressure  relief  valve 

a    Controls  maximum 
pressure 

4  Check  pump  for: 

a   Gear  backlash 

b   Shaft  clearance 

£  Gear  and  housing 
clearance 

d   Cracks,  etc 

(d)  Oil  galleries 

1  Orilled  passages  In  block 

2  Clean  with  compressed  air 

(e)  Oil  filter 

I   Types  of  oil  filters 


Use  chart  CAFB  63-241 
"Oil  pumps" 


Use  oil  pumps 


(5) 


ERIC 


a  fun  flow 
b  Partial  flow 

2  Removes  dirt 

3  Replace  oil  filter  as 
necessary 

(f)    Sending  unit  and  gauge 

Crankcase  ventilation 

(1)  Purpose  ' 

(a)  Reduce  air  pollution 

(b)  Reduce  oil  dilution  and 
engine  sludge  formation 

1^  Removes  gasoline  vapors 

2   Removes  water  vapors 

(2)  Types 

(a)  Draft  tube  (non-positive) 

1^  On  most  cars  built 
prior  to  1963 

2  Not  very  effective  at 
speeds  less  than  20  mph 

3  Air  velocity  causes  vapors 
to  be  drawn  out  of  crank- 
case 

(b)  Positive  crankcase  ventila- 
tion (PCV) 

1  Open  system 

a^  Same  basic  operating 
~  principle  as  road 
draft  tube 

b    Use  manifold  vacuum 
for  source  of  draft 

c    Requires  PCV  valve 

d   Vapors  are  mixed  with 
«1  r/f uti  mlxturt  anti 
burned  (6) 


Use  on  filters 


Sumnarize  here. 


Use  chart  CAFB  66-73 
"Non-positive  crankciii 
ventilation" 


Use  chart  CAFB  59-3332 
"Positive  crankcase 
ventllitlon" 


a  More  effective 

b  All  outlets  sealed 

c  Vapors  enter  air 
"  cleaner 

d  Mixed  with  fresh  air 
entering  carburetor 


e   Rerouted  (via  Intake 
manifold)  to  combustion 
chambers. to  be  rebumed   Summarize  here. 


Valve  reconditioning  Ref.  Part  I  Para.  3c 
(!)  Purpose 
(a 


To  help  maintain  proper  com- 
pression 


(2)    Use  of  refacing  equipment 


(a 

(b 
(c 

(d 

(e 
(f 

(g 

(h 

(3)  Va 
(a 


Check  abrasive  wheel  for 
cracks 

Check  coolant  and  oil  levels 

Dress  abrasive  wheel  with 
a  diamond  dresser 

Set  workhead  to  desired 
angle 

Position  valve  in  workhead 

Grind  valves  to  specifica- 
tions \ 

Dress  recessed  abrasive  wheel 

Grind  valve  stem  end  and 
rocker  arm 


ves 

Inspection 
1^  Burned 

2  Warped 

3  Margin  width 


Use  valve  reconditioning 
equipment 


Use  valve  refacer  instructions 


Suiimarize  here. 

/ 

i 

Use  valves  &  valve  springs 
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(b)  Cleaning 

(c)  Reconditioning 
1.  Angle  of  face 
2   Interference  angle 

(4)  Valve  seat  reconditioning 

(a)  Inspection 
X  Cracks 
2  Pits 

(b)  Cleaning 

(c)  Reconditioning 

1  Seat  angle 

2  Seat  width 
2  Narrowing  seat 

(5)  Demonstrate  the  use  of  valve  and 
valve  seat  reconditioning  equip- 
ment, stressing  safe  use  of  the 
equipment. 

EVALUATION: 

1.  What  is  a  thermostat  tested  for? 
Ans:    Opening  temperature. 

2.  Why  should  a  radiator  be  flow  tested? 
Ans:    To  see  if  it  is  clogged. 

3.  How  is  a  cooling  system  checked  for 
exhaust  gas  leakage? 

Ans:    Operate  engine  with  fan  belt 
removed,  observe  coolant  in 
radiator. 

4.  Why  is  lubrication  necessary? 

Ans:    Reduce  friction,  seals,  cools 
and  cleans. 


Use  drill  and  wire  brush 


Common  hand  tools,  spring  testers, 
and  International  cylinder  heads 

Sufimarize  here. 
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Ans:    Rating  of  oil  for  th«  typ«  of 
service  It  is  best  suited. 

6.  What  are  the  two  most  connon  types  of 
oil  pumps? 

Ans:    Gear  and  rotor. 

7.  What  could  cause  low  oil  pressure? 

Ans:    Bad  rod.  main,  or  cam  bearing. 

or  a  defective  relief  valve  spring. 

8.  Why  1s  crankcase  ventilation  necessary? 

Ans;  To  reduce  air  pollution  and  to 
remove  harmful  vapors  and  con- 
densation from  engine  lubrica- 
tion oils, 

9.  What  determines  the  amount  a  valve  can 
be  ground? 

Ans:    The  margin. 

10.  How  is  a  valve  seat  narrowed? 

Ans:    By  grinding  the  top  or  inside 
edges. 

11.  Is  it  always  necessary  to  dress  a  valve 
grinding  stone  before  use?  Why? 

Ans:    Yes.    To  achieve  a  proper  grinding 
result. 

12.  What  are  tow  things  to  check  on  a  valve 
grinder  before  using  it? 

Ans:    Coolant  and  oil  level. 

CONCLUSION  Approx  30  Min 

SUMMARY  &  REM0TIVATI0N4 

1.  Review  key  points  of  cooling,  lubrication,  crankcase  ventilating  systems  and 
valve  grinding  and  key  points  as  stated  on  L/P  cover  sheet. 

2.  Remotlvate  students  by  emphasizing  need  to  remember  objectives  taught. 


(9)  <;s; 


'^ASSIGNMENT  AND  CLOSURE: 
1.   SSG  Chaptir  203  and  today's  notes. 


2.  Study  mtthods:   Using  tht  SQ3R  stu4y  mthods.  study  and  ansiMr  th«  questions 

at  the  end  of  the  chapter  or  progranmed  text. 

3.  Wrap-up:   This  will  conclude  this  subject.   The  Information  learned  here  win  be 

applied  as  the  student  continues  In  the  course.  Review  of  this  study 
guide  and  Information  Is  reconmended  throughout  the  course. 
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CRITERION  OejECTlVES  AND  TEACHING  STEPS 


(Over) 


a.  Without  references  identify  basic  facts  and  tenns  relative  to  the 
principles,  function  and  relationship  of  cooling,  lubricatinp^  and 
crankcase  ventilating  systems,  with  70^  accuracy. 

b.  Given  engine  trainer,   tools,  equipment  and  practicing  personnel  and 
equipment  shop  safety,  repair  or  service  lubricating,  cooling  and 
crankcase  ventilating  systems  following  procedures  outlined  in 
student  study  guide, 

c.  Given  tools,  equipment,  engine , trainer ,  practice  personnel  and 
equipment  shop  safety,  repair  or  service  valves  and  mechanisms  lAW 
manufacturer's  manual.     Instructor  assistance  required  on  more 
difficult  tasks. 


'eachin^  3teps  are  Listed  in  Part  11 
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EQUIPMENT  LOCATED 
IN  UBORATORY 

Pressure  Cap  Testers 
'7.  Mechanic's  Common  Handtools 

8.  Back  Flushing  Equipment 

9.  Special  Tools 

10.  Miscellaneous  Engine  Components 


GRAPHIC  AIDS  AND 
UNCUSSIPIED  MATERIAL 

5.  Chart  I  CAFB  63-2^1 

6.  "  "  64-73 

7.  "  -  59-3332 


1.  Attention  &  Motivation:   Ask  questions  about  air  pollution  devices,  use  per- 
sonal experience  of  co-ling  and  lubricating  systems  problems  &  rtUte  to  the 
student  how  this  knowledge  can  help  the  repairman.   Tell  how  these  systems  htlo 
engine  operate  smoother  and  last  longer. 

2.  Review:    Relate  to  previous  lessons  on  engines  &  review  questions  at  the  end 
of  Chapter  202  of  the  Student  Study  Guide. 

3.  Overview  and  TIE-IN:  At  the  end  of  today's  lesson,  students  will  describe 
the  operation,  inspection  and  repair  of  cooling,  lubrication  and  crankcase 
ventilating  systems  and  components. 

BODY  Approx  5  Hrs 

PRESENTATION/APPLICATION 

1.     Guide  a  discussion  on  the  operating 
orinciples,  inspection  and  repair 
of  cooling,  lubrication  and  crank- 
case  ventilating  systems  and  their 
components.    Ref  part  1  para  a  &  b 

a.^^  Cooling  systems 

(1)  Purpose  -  dissipate  exces- 
sive heat 

(2)  Types 

(a)  Liquid 

(b)  Air 

(3)  Components  and  servicing  of 
a  liquid  cooling  system 

(a)    Pressure  radiator  cap  Use  special  cap  tester 

^    ,  Use  chart  CAFB  65-183 

1  Seals  system  to  prevent       "Pressure  Radiator  Cap" 
loss  of  coolant  through 

/  overflow  pipe  under 

normal  conditions 

2  Raises  boiling  point  of 
coolant  for  higher 
temperature  operation 


Check: 


Proper  pressure 
operation 


b     Optratlon  of  vacuum 
valve 


Summarize  here 


(b)  Radiator 

]_     Heat  exchanger 

2  Check: 

a      Flow  test 

Cold  spots 

c     Air  suction 

i     Pressure  test 

e      Leaks  -  scale  or 
water  marks 


Use  pressure  cap  tester 


Show  radiator  hoses 


f      Anti -freeze  solution 

(c)  Hoses 

1  Transfer  coolant 

2  Check: 
a      For  cracks  and  leaks 

b      For  Inside  deterioration 

c      For  spongy  feellny       Sufimarize  here 

(d)  Water  Jackets 


1 


Check  core  hole  plugs 
for  leaks 


2      Exhaust  gas  leakage 

(e)  Thermostat 

1  Control  operating 
temperature  of  engine 

2  Check  for  opening 
temperature 

(f)  Water  pump 

1     Circulate  coolant 

(2) 


Use  thermostat  tester  and 
therms tats 


Show  water  pump 


2      Check  for: 

b      Bearing  wear 

c      Operation  by  feeling 
surge  In  top  radiator 
hose 

(9)    Fan  and  belt 

1  To  draw  air  through 
radiator 

2  To  drive  water  pump 

3  Check: 

a      Loose  fan 

b      Bent  fan  blades 

c      Belt  condition  and 
proper  tension 

(h)  Coolant 

]_  Check: 

a      Rust  and  scale 

(i)  Accessories 

]^      Temperature  sending  unit 

2  Temperature  gauge 
{j}    Clean  cooling  system 

1      Use  cleaning  compound 
.    2      Flush  radiator  and  engine 

3  Back  flush  if  necessary 
(4)    CoTiponents  of  air  cooling  systems 

U)    Head  and  barrel  design  (finned) 

(b)    Air  deflectors ,  shrouds  or 
baffles^ 


(c)  Fans 


(3) 


Summarize  here 


Sunnarlze  here 
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(d)   on  cooler 


Lubricating  system 
(1)  Purpose 

(a)   Reduce  friction 


Use  chart  CAFB  65-182 
"Lubrication  system.  IN-LINE 
and  V-type  engines" 


Sunmarlze  here 


. (b)   Assist  in  cooling 

(c)  Clean  engine  parts 

(d)  Seal  piston  rings  and 
cylinder  walls  to 
prevent  blow-by 

(e)  Absorbs  shock 

(2)    Engine  oil , 

(a)  Classified  according  to 
its  resistance  to  flow 
(viscosity) 

(b)  Graded  by  a  series  of  SAE 
numbers  (SAEIOW,  20  20W.  etc) 

(c)  Service  rating  (SE,  SO,  SC. 
SB.  SA:    CD,  CC.  CB.  and  CA) 

(d)  Check  engine  oil  level 


(3)    Types  of  lubricating  systems 
(a)    Splash  (obsolete) 


(b)    Splash  and  force  feed 


(c)  Force 


(d)    Full  force  feed  or  full 
pressure 

(4)  Components 


Summarize  here 


(a)   Oil  pan 


on  reservoir 


2 


Check  for: 


a 


Dents 


b  Leaks 

(4) 


c      Sludgt  accumuUtloA 


1  Hingtd  to  oil  pump 

2  Floats  on  surface  of  611 

3  *»eck: 

a      Freedom  of  movement 
b      Intake  screen 
(c)   on  pump 

1     Provides  oil  under 
Y  pressure  to  all  moving 
parts 

Z      Types  of  pumps 

a  Gear 

b  Rotor 

c  Vane 

3  Pressure  relief  valve 

a^     Controls  maximum 
pressure 

4  Check  pump  for: 

a      Gear  backlash 
Shaft  clearance 


Gear  and  housing 
clearance 


d      Cracks,  etc 
,(d)   Oil  galleries 

1  Drilled  passages  in  block 

2  Clean  witi)  compressed  air 
(e)   Oil  filter 

i     Types  of  oil  filters 

(5) 


Use  chart  CAFB  63-241 
"Oil  pumps" 


Use  oi 1  pumps 


b      Partial  flow 

2  Removes  dirt 

3  Replace  oil  filter  as 
necessary 

(f)   Sending  unit  and  gauge 

Crankcase  ventlllatidn 

(1)  Purpose 

(a)  Reduce  air  pollution 

(b)  Reduce  o1l  dilution  and 
engine  sludge  formation 

1  Removes  gasoline  vapors 

2  Remove  water  vapors 

(2)  Types 

(a)    Draft  tube  (non-positive) 


Use  oil f liters 


I 
2 
3 


On  most  cars  built 
prior  to  1963 

Not  very  effective  at 
speeds  less  than  20  mph 

Air  velocity  causes  vapors 
to  be  drawn  out  of  crank- 
case 


(b)    Positive  CFankcase  ventilation 
(PCV) 

i     Open  system 

a      Same  basic  operating 
principles  as  road 
draft  tube 

b      Use  manifold  vacuum 
for  source  of  draft 

c      Requires  PCV  valve 

d      Vapors  are  mixed  with 
air/fuel  mixture  and 
burned  (6) 

90  t 


SufTinarlze  here 


Use  chart  CAFB  66-73 
"Non-positive  crankcase 
ventilation" 


Use  chart  CAFB  59-3332 
"Positive  crankcase 
Ventilation: 


2 ,    Clos^.  systtn 


d. 


a     More  effective 

b   >^11  outlets  sealed 

c      viopft  enter  air 
cleliners 

d      Mixed  with  fresh  air  ' 
~     .entering  carburetor 

e     Rerouted  (via  Intake 
~     imnlf&ld)  to  combustfon 
chambers  to  be  reburned 

Valve  reconditioning  Ref  part  1  para  c 

(1)  Purpose 

(a)   To  help  maintain  proper  com- 
pression 

(2)  Use  of  refacing  equipment 

(a)  Check  abrasive  wheel  for 
cracks 

(b)  Check  coolant  and  oil  levels 

(c)  Dress  abrasive  wheel  with 
a  diamond  dresser 

(d)  Set  workhead  to  desired 
angle 


(e)  Position  valve  in  workhead 

(f)  Grind  valves  to  specifications 

(g)  Dress  recessed  abrasive  wheel 

(h)  Grind' valve  stem  end  and  ^ 
rocker  arm 

(3)  Valves- 

(a) .  Inspection 

1_  Burned 

2  Warped 

,  3     Margin  width 


\ 


Sunmarlze  here 


Use  valve  reconditioning. 
equipment 


Use  valve  refacer  Instructions 


1 

Summarize  here 

Use  valves  1  valve  springs 


(7) 


.  (bl  Cl$4n1(i9 
" '\ "  tc)-  Reconditioning 

1     Angle  of  face 
i      Interference  angle 
(4)    VaTve  seat  reconditioning 

(a)  Inspection 
1  Cracks 
1  Pits* 

(b)  Cleaning  j 

(c)  Recondltlo'ning 
1      Seat  angle 
i      Seat  width 

1      Narrowing  seat 

(5)    Demonstrate  the  use  of  valve  and 
valve  seat  reconditioning  equlp- 
^nt.  stressing  safe  use  of  the 
equipment 

EVALUATION: 

1-     What  is  a  thermostat  tested  for? 
a.     Opening  temperature 
Why  Should  a  radiator  be  flow  tested? 
To  see  if  it  Is  clogged 


2. 


3. 


How  is  a  cooling  system  checked  for 
exhaust  gas  leakage?  ror 


d. 


Operate  engine  with  fan  belt 
removed,  observe  coolant  In 

radiator 


4. 


5. 
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Why  is  lubrication  necessary? 

friction,  seals,  cools 
and  cleans  ^ 

What  do«s  the  term  sirvlce  r.ting  mean? 

a.     Rating  of  oil  for  the  type  of 
service  It  is  best  sultid  (8) 


27^ 


Use  drill  and  wire  brush 


Coninon  haridtools.  spring  testers, 
and  International  cylinder  heads 

Summarize  here  ' 


c  V.) 


6.     What  are  the  two  most  conmon  types  of  oil 

pujiips? 


 fr;    ^ar  aiw  rotor  --j^ 

7.     What  could  Cause  loM  oil  pressure? 


IC 


« 

a.     Bad  rod.  main,  or  cam  bearing, 
or  a  defective  relief  valve  spring 

8.  Why  is  crankcase  ventilation  necessary? 

a.     To  reduce  air  pollution  and  to 
remove  harmful  vapors  and  con- 
.densati'on  from  engine  lubrica- 
•  •  tion  oils  . 

♦ 

9.  What  determines  the  mount  a  valve  can 

be  ground? 

a.-     The  margin 

10.  How  is  a  valve  seat  narrowed? 

"a.c    By  grinding  the  top  or  inside 
edges 

11.  Is  it  always  necessary  to  dress  a  valve 
grinding  stone  before  use?  Why? 

a.     Yes.    To  achieve  a  proper  grinding 
result 

12.  What  are  two  things  to  check  on  a  valve  '  ' 
grinder  before  using  it? 

a.     Coolant  and  oil  level  •  . 

'  ^  CONCLUSION  Approx  30  Min 

SUMMARY  AND  REMOTIVATION :  ■    .  • 

1.  Review  key  poi hts^ of  cooling,  lubrication,  crankcase  ventilating  systems  and  * 
valve  grinding  and  key  points  as  stated  on  L/P  cover  sheet. 

« 

2.  Renotivate  students' by  emphasizing-need  to  remember  ijbjectives,  taught. 

AS$IGNM£?iT  AND  CLOSURE: 

SSG  Chapter  203  and  today's  notes. 

2.  S,ti/dy  methods:   UsInVthe  SQ3R  methods,  study  and  answer  the  questions  at  the 
^  crd  of  the  ohapter  or  programmed  text.  On  tablet* paper.         "  * 

3.  .  wrap-up:   This  will  conclude  this  ^subject.   The  information  Iclmed  here  will  be 

dp^^ied  as  the  student  continues  in  the  course.  Review  of- this  study  guide  and 
information  Is  recomief^  throughout  the  course.  <  . 
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AUTOMOTIVE  TERMINOLOGY.  DEPINITIOH  AND  PURPOSE  , 
OF  ENGINE  COMPONENTS 


V 


material  will  aid  you  throughout  eh«  ingtructional  period  on  cnginea. 
Automotive  Tenninology 

ATDC  -  After  top  deed  center. 

Atmospheric  pressure  -  At  sea  level. and  an  average  te*,«*.rature ,  air 
weighs  about  0.08  of  a  pound  per  cubic  foot.    The  weight  of  air 
chat  surrounds  the  Earth  pushes  down  on  us  with  a  pressure  of 
14.7  pounds  per  square  inch  at  sea  level,  this  is  atmospheric 
pressure. 

BDC  -  Bottom  dead  center,  when  the  piston  is  at  the  bottom  of  Its 
stroke. 

Bore  -  The  diameter  of  a  cylinder. 
3TDC  -  Before  top  dead  center. 

t 

Compression  Pressure  -  Amount  of  pressure  developed  in  a  cylinder 
on  Che  compressic    stroke,  measured  in  pounds  per  square  inch 


Compression  Ratio  -  The  ratio  of  the  volume  of  a  cylinder  when  the 
piston  is  at  BDC  to  the  volume  when  the  piston  is  at  TDC. 

Cycle  -  The  completion  of  a  series  of  events. 

Friction  -  Resistance  to  motion. 

HH.ac  -  Rapid  motion  of  atoms. 

Inertia  -  Resistance  to  a  change  of  speed  or  direction.    For  example; 
ir  an  automobile  is  sitting  still  on  flat  ground,  It  won't  move 
unless  some  force  is  applied  to  it.    Also,  if  an  automobile  was 
rolling  at  a  given  speed  and  in  a  given  direction,  it  would 
continue  to  travel  at  that  speed  and  in  that  direction  forever 
unless  friction,  or  some  other  outside  force  stopped  It  or  changed 
its  direction. 

Piston  Displacement  -  The  volume  of  air  a  piston  displaces  as  it  move 
from  BDC  to  TDC. 

Reciprocating  >t)tlon  -  Motion  of  a  piston  In  a  cylinder. 

Specifications  -  Mam^acturers  ex*act  measurements. 

Stroke  -  The  distance  a  piston  travels  from  TDC -to  BDC. 

Torque  -  Torque  is  a  twisting  force.    This  Is  the  same  type  of  force 
used  to  tighten  a  nut  or  bolt. 


or  psi. 


1 
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ipc  -  Top  dmmd  c«pt«r.  thm  pUtgn  U  «  th»  top  -of  it»  attolf. 

Vicuum  .  When  iir  is  removal  from  «  glv.n  space  then  air  pressure 
within  that  space  is  less  than  atoospheric  pressure.  This  low 
pressure  area  is  then  called  a  vacuum. 

Viscosity  -  The  tendency  of  oil  to  resist  flowing. 

Volumetric  Efficiency  -  How  efficiently  an  engine  fills  up  its 
cylinders  with  air  and  fuel,  and  how  efficiently  it  gets  rid  of 
the  exhaust  gases  aftjar  combustion.    For  example;  if  the  cylinder 
of  a  one  cylinder  engine. could  hold  a  cubic  foot  of  air,  but  for 
some  reason  it  would  only  fill  up  half  a  cubic  foot  of  air.  then 
it  would  only  be  50%  efficient. 

Engine  Parts  and  Their  Purposes 

Camshaft  -  Syncronizes  valve  opening  with  piston  movement,  drives  the 
distributor  and/or  the  oil  pump  and  fuel  pump.    This  shaft  is 
supported  in  one  piece  bushing  type  bearings  that  are  inserted  into 
the  block. 
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Connecting  Rod  -  Transmits  the  force  received  by  the  piston  to  the 
crankshaft;  the  lower  end  is  split  to  permit  clamping  around  the 
crankshaft . 

Connecting  Rod  Bearing  -  These  pieces  allow  the  rod  to  rotate  around 
the  crankshaft  journal.    They  are  of  the  two  piece  Insert  type. 

Crankcase  -  This  is  usually  the  lower  half  of  the  engine  block.  The 
crankcase  provides  a  solid  support  for  the  crank  shaft  and  is 
removable  on  some  engines.  * 

Crankshaft  -  Changes  the  reciprocating  motion  of  the  pistons  into  more 
useful  rotary  motion. 

Cylindeir  Block  -  The  block  contains  the  cylinders  and  the  passages  for 
the  'dll  and  coolant . 

Cylinder  Head  -  The  cylinder  head  closes  off  the  top  of  the  cylinder, 
contains  the  combustion  chamber,  the  passages  for  oil  and  coolant 
as  well  as  the  valve  guides  and  the  valve  seats. 

» 

Heat  Control  Valve  -  Aids  fuel  vaporization  during  engine  warmup  by 
circulating  warm  gasses  around  the  base  of  the  carburetor. 

Main  Bearings  -  These  pieces  give  the  crankshaft  »  smooth  surface  to  turn 
'^•y        of  the  two  piece  insert  type  and  one  or  more  of  them 
is  used  to  control  crankshaft  end-play;  it  is  known  as  the  main 
^    thrust  bearing. 

Manifolds,  Intake  and  Exhaust  -  These  parts  are  actually  fuel  passages 
into  and  out  of  the  cpmbustlon  chamber.    The  exhaust  manifold 
contains  a  valve  known  as  the  h«at  control  valve  or. the  heat  riser. 
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Fistons  "  S«c«iv«»  ch«  fote*  of  cei^utcloa  «nd  cr^alts  It  to  tho 

cranktihAfc  through|j:h«  connttcciag  rod. 

Piston  Pin  -  Coanacti  ch*  piston  to  the  connecting  rod. 

cylinder  yall,  assists  in  cooling  Jthe  piston.  ^ end  controls  cylinder 
wall  lubrication.  '  ' 

Pushrod  -  Transfers  motion  from  the  valve  lifter  to'  the  rocker  arm. 

Rocker  Ana  *  Picks  up  notion  from  the  push  rod,  rotates  a  few  degrees 

and  unseats  the  valve « 

Rocker  Ana  Shaft  -  Provides  a  pivot  point  for  rocker  am. 

• 

Timing  Gears  or  Chain  -  Connects  the  canshaft  and  the  crankshaft 
together  so  the  valves  and  pistons  are  timed  correctly  to  each 
other. 

Valve  -  Intake  valve  permits  fuel  mixture  to  enter  cylinder,  usually 
made  of^  nlckle  chromium  alloy.    Exhaust  valve  allo%rs  burned  gasses 
CO  escape  and  is  usually  made  of  a  slllchrome  alloy  and  may  contain 

sodliai. 

Valve  Lifter  (tappet  or  cam  followers)  -  These  may  be  either  solid  or 
hydraulic.    They  transmit  motion  from  the  camshaft  to  the  push  rod. 

Valve  Springs  (reseats  valves)  -  Pushes  rocker  arm  back  up  in  readiness 
for  the  next  valve  operation. 

Vibration  Damper  -  Also  called  the  harmonic  balancer,  it  reduces 
torsional  vibrations  that  occur  in  the  crankshaft. 

Components  of  Vehicle  Cooling  Systems 
Liquid  Cooling  Sys terns 

Accessories  -  Temperature  sending  and  receiving  units,  indicate  the 
temperature  of  the  coolant  or  warn  operator  of  an  overheat 

condition. 

Fan  and  Belt  -  Circulates  air  through  the  radiator. 

Hoses  -  Transmit  coolant  from  the  engine  to  the  radiator  and  back. 

Pressure  Radiator  Cap  -    he  cap  seals  the  coolant  into  the  system  end 
raises  rhe  boiling  point  of  the  coolant  for  higher  temperature 
operation. 

Radiator  -Acta  as  a  heat  exchanger  to  remove  excess  heat. 

Thermostat  -  Controls  the  temperature  of  the  coolant. 

Water  Jackets  -  these  are  the  passages  In  the  block  where  coolant 
circulates . 
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,W|t«r  P*mp  -  Ctr«ul4ces  che  coolaat  throughout  =ch«  «tttla«v 


 ,:„.  J*,.,. 


Mr  O«fi«c.tora.  Shrouds,  and  B«ffl«s  -  These  parts  are  vanes  or  fins 
chat  are  designed  to  direct  the  flow  of  air  to  the  hot  enaine 
parts.  • 

Fans  -  The  fan  circulates  air  over  the  entire  engine. 

Head  and  Barrel  Design  (finned)  -  This  design  allows  for  iwxlmum 
>     circulation  of  air  around  each  individual  cylinder. 

Oil  pooler  -  A  small  oil  radiator  to  assist  In  cooling  the  motor  oil. 

Components  of  Lubrication  Systems 

Oil  filter  -  rne  oil  filter  removes  dirt  and  impurities  from  the  oil. 

Oil  Galleries  -  Drilled  passages  in  the  block  to  transfer  oil  throuah 
the  system.  * 

Oil  Pan  -  The  engines  oil  resevoir.  * 

Oil  Pump  (positive  displacement)  -  The  pump  circulates  oil  throughout 
the  system  and  maintains  oil  pressure. 

Oil  Strainer  -  The  oil  pickup,  its  hinged  and  flats  on  the  surface  of 
the  oil. 

Sending  Unic  and  Gauge  -  Indicates  the  amount  of  oil  pressure  or 
warns  the  operator  when  the  oil  pressure  is  too  low. 
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Vehicle  MalntAMac*  Branch  3AB847330-SG-20I 

Chanuce  AFB»  Illinois 

PRINCIPLES  Of  INTERNAl  COMBUSTION  ENGINES • 
AND  ENGINE  DIS^SEMBLY 


■DBJE'CTTTES  *  

After  ccmpleting  this  study  guide  and  your  dassrooQ  Itistructlont 
you  will  be  able  to  explain  the  principles  of  an  internal  combustion 
engine  and  relate  the  functions  of  its  various  parts  to  engine 
operation. < 

INTRODUCTION 

Today's  automotive  engine  is  a  precision  piece  of  equipment; 
and  it  requires  a  great  amount  of  skill  and  knowledge  to  perform 
the  maintenance  necessary  to  keep  these  engines  operating  properly. 

INFORMATION 

BASIC  OPERATION 

To  begin  vith»  two  tin  cans  will  be  used  as  a  simplified  example 
ot  aik  automotive  engine.    TTiis  example  will  then  be  expanded  until 
a  complete  auLomotive  engine  is  described.  # 


When  choosing  these  cans,  make  sure  one  of  them  is  slightly 
smaller  than  the  other.    The  first  step  will  be  to  cut  one  end 
out  of  each  can,  and  then  fill  the  larger  can  with  a  vaporized  mixture 
of  air  and  gasoline. 

The  next, step  will  be  to  put  the  smaller  can^  closed  end  first, 
into  the  larger  can  and  push  it  as  far  into  the  large  can  as  possible. 
This  second  step  will  squeeze  or  compress  the  air-fuel  mixture 
trapped  between  the  two  cans.    At  this  point,  if  the  air-fuel  mixture 
could  be  set  on  fire,  it  would  produce  a  large  amount  of  heat, 
cause  the  air  to  expand  rapidly,  and  thereby  create  sufficient  pressure 
zo  drive  the  small  can  out  of  the  larger  one  with  a  powerful  thrust. 
Finally,  the  burned  gasses  would  have  to  be  removed  from  the  large 
can  and  then  the  process  or  cycle  could  be  started  over  again  for 
another  power  stroke.    In  its  simplest  form,  this  is  what  happens 
inside  a  gasoline  engine.     Fuel,  air,  and  fire  were  used  to  produce 
the  power,  and  the  two  cans  trapped  the  power  so  that  it  could 
have  been  used  for  a  purpose.    From  this  point  oh,  the  large  can 
will  be  referred  to  as  a  cylinder*  and  the  small  one  as  a  piston* 

The  next  step  is  to  create  a  series  of  mechanical  links  that 
will  accomplish  two  things;  first*  It  Is  necessary  to  change  the 
up  and  dcxm,  or  reciprocating,  motion  of  the  piston  Into  a  more 
useful  rotary,  motion,  second,  the  power  produced  in  the  combustion 
chanber  must  be  transferred  to  the  rear  of  the  engine  in  order  to 
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operate  tlie  transmission  and  drive  line.     Refer  to  figure  1  and 
study  the  relationship  of  the  parts  shown.    The  parts  pictured  in 
figure  1  are  the  mechanical  links  used  to  transfer  the  power  produced 
in  the  combustion  chamber. to  the  rear  of  the  engine.    The  piston 
pin  mav  also  be  referred  to  as  a  wrist  pin,  and  the  crankpin  is  usuallv 
called  a  crankshaft  journal.     Figure  2  illustrates  three  different 
mounting  arraagenents  for  piston  pins. 
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F.elationahip  of  Piston j- Connecting  Rod,  and  Crank  an 
Crcznkshaft  as  Crankshaft  Turms  One  Revolution. 

Refer  next  to  figure  3  and  take  note  of  the  relationship  between 
the  connecting  rod  and  the  crankshaft.     The  connecting  rod  is  mounted 
off  center  from  the  centerline  of  the  crankshaft.    By  mounting  the 
connecting  rod  in  this  manner,  the  crankshaft  changes  the  reciprocating 
motion  of  the  piston  into  rotary  motion.    The  crankshaft  supports 
hold  a  two-piece  bearing  insert.    The  insert  is  called  a  main  bearing. 
One  of  the  inserts  has  a  flange  on  it  that  controls  the  back  and 
forth  movement  of  the  crankshaft  or,  crankshaft  end-play.  This 
bearing  is  referred  to  as  the  main  thrust  bearing.    A  two-piece  bearing 
insert  is  also  used  inside  the  connecting  rod  where  it  clamps  onto 
the  crankshaft.    These  bearings  provide  a  smooth  sliding  surface 
so  that  the  crankshaft  aiid  connecting  rod  can  turn  freely.  The 
connecting  rod  bearing  is  pictured  in  figure  4,    Also  illustrated 
in  figure  4  are  piston  rings.    The  rings  have  been  added  to  the 
top  of  the  pirton  to  seal  in  the  air-fuel  mixture  while  it  is  being 
compressed.    They  also  se^l  in  the  power  of  combustion,  keep  lubricating 
oils  out  of  the  top  of  the  cylinder,  or  more  accurately,  the  combustion 
chamber,  and  help  transfer  teat  from  the  he«d  of  the  piston.  All 
the  parts  previously  discussed  and  most  of  those 'that  follow,  go 
inside  a  block  of  cast  metal.    The  upper  part  of  this  casting  is 
referred  to  as  the  cylinder  block,  vhlle  the  lower  section  th^t 
houses  the  crankshaft  is  called  the  crankcase.    Finally,  the  top 
or -the  cylinder  has  been  made  so  that  It  is  renoveablei  and  it  is 
termed  the  cylinder  head.    It  also  contains  the  combustion  chamber. 
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In  orier  fogp  an  engine  to  run  continuously,  some  method  of  getting 
an  air-fuel  inixture  into  the  cylinder,  and  getting  the  burned  gases 
out  is  needed.    This  is  the  function  of  the  valves  and  valve  operating 
mechanism.     Two  valves  are  used  for  each  cylinder.    One  is  called 
an  intake  valve  and  it  admits  the  air  fuel  mixture  into  the  cylinder; 
the  other  is  called  an  exhaust  valve  and  it  allows  the  burned  gasses 
to  escape  after  combustion  has  taken  place.    Both  valves  must  be 
tightly  closed  when  the  air  fuel  mixture  is  compressed,  and  during 
combust ioi?,  so  that  power  is  sealed  into  the  cylinder.    The  valves 
are  held  closed  by  stiff  coll  springs  referred  to  as  valve  springs. 
The  valve  itself  sits  in  a  circular  opening  called  a  valve  seat. 
Figure  5  Illustrates  a  typical  automotive  valve  and  the  names  of 
the  different  areas  of  the  valve.     In  ordej:  to  open  the  valves 
at  the  correct  time  a  camshaft  is  used.    This  shaft  has  small  lobes 
on  it  and' as  it  rotates,  the  lobes  lift  the  valve  open  through 
a  series  of  Mchanical  linkages.    Figure  6  illttscrates  the  valve  / 
lifter  or  tappet  (which  may  be  either  the  solid  or  hydraulic  type). 
On  some  engines  these  linkages  may  include  push  rods  and  rocker  arms, 
figure  7.    The  operation  of  the  valves  oust  be  synchronized  with 
piston  movement  so  that,  (1)  the  air-fuel  mixture  is  let  Into  the 
cylinder  at  the  right  time,  (2)  the  valves  remain  closed  for  compression 
and  power,  and  (3)  the  exhaust  gasse^  are  let  out  of  the  cylinder 
after  the  power  stroke.    This  is  accomplished  by  putting  gears  on 
the  camshaft  and  crankshaft.    These  gears  are  either  meshed  directly 
or  through  a  timing  chain.    Each  timing  gear  has  a  reference  mark 
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Figure  6.     Valve  Normnalature . 

on  it  that  must  be  aligned  when  the  shafts  are  Installed.    The  cam- 
shaft gear  is  twice  as  large  as  the  crankshaft  gear.    This  2  to  1 
gear  ratio  enables  the  camshaft  to  turn  at  half  the  speed  of  the 
crankshaft  so  that  the  valves  will  remain  closed  during  the  com- 
pression and  power  strokes. 

The  engine  that  has  been  built  up  from  the  two  tin  cans  in 
Che  beginning  example  is  illustrated  in  figure  6.    There  is  however, 
one  more  thing  to  consider.  ^  What  actually  makes  the  air-fuel 
niixture  move  into  the  cyltftfler,  and  what  makes  the  exhaust  gasses 
niove  ovt?    A  simple  example  will  answer  both  these  questions. 
When  a  toy  balloon  is  blown  up,  a  high  pressure  area  is  created 
inside  the  balloon.    That  is,  the  air  pressure  inside  the  balloon 
is  higher  than  air  pressure  outside  the  balloon.    Now,  if  the 
balloon  is  released,  the  high  pressure  area  inside  the  balloon 
forces  itself  out  into  the  lower  pressure  outside  the  balloon. 
This  difference  in  pressure  is  called  a  pressure  differential, 
and  remember,  the  high  pressure  area  moves  to  the  lower  pressure 
area.    In  an  engine  this  same  principle  works  as  follows:  as 
a  piston  goes  down  in  the  cylinder  it  makes  room  for  more  air 
to  come  into  the  cylinder,  or  in  other  words,  it  creates  a  low 
pressure  area  or  partial  vacuum.    Normal  air  or  atmospheric  pressure 
is  U.7  pounds  per  square  inch  (PSI) .    This  pressure  is  higher 
than  it  is  In  the  cylinder,  therefore,  air  rushes  into  the  cylinder 
through  the  carburetor,  and  intake  manifold.    At  this  point  the 
valves  close  and  the  piston  moves  up  and  compresses  the  air  aid 
fuel,  then  with^the  piston  near  the  top  of  the  cylinder,  the 
ignition  system  seta  the  mixture  on  fire.    The  heat  of  combustion 
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Figure  6.    Single -Cy Under,  4-Strcke  Cycle, 
Interna:  Ccrr^usticn,  Gasoline  Engine. 

causes  the  gasses  in  the  cylinder  to  expand  and  create  a  vecy 
high  pressure  that  drives  the  piston  down.    Just  before  the  piTston 
reaches  the  bottom  of  its  stroke,  the  exhaust  valve  opens  and 
the  high  pressure  gasses  force  tWlr  way  out  through  the  exhaust 
manifold  and  exhaust  system,  and  as  the  piston  comes  up  on  the 
exhaust  stroke  it  helps  to  aear  out  the  cylinder  by  pushing  the 
burned  gasses  out. 
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The  previous  paragraph  describes  a  four  stroke  cvcle  engine. 
The  four  strokes,  (1)  intake,  (2)  compression,  (3)  power,  (4)  exhaust, 
occur  over  and  over  again  in  the  same  order.    Edch  time  these  four 
strokes  occur  they  produce  one  power  impulse.    The  four  strokes 
taken  together  equal  one  cycle.    In  order  to  store  up  enough  momentun 
to  keep  the  engine  turnijig  between  power  strokes,  a  large  heavy 
disc  is  bolted  to  the  rear  end  of  the  crankshaft.    This  disc 
is  called  a  flywheel.    Refer  to  figure  8  for  to  illustration  of 
the  four  stroke  cycle  and  the  flywheel. 

Each  time  a  power  impulse  is  produced,  a  sharp  snapping  action 
•  Iv  transmitted  to  the  crankshaft.    These  .sudden  power  Impulses 
applied  to  the  crankshaft  set  up  a  twisting  vibration  which  is 
called  "torsional  vibration."    In  order  to  lessen  the  effects  of 
torsional  vibration,  a  harmonic  balancer  or  vibration  damper  is 
placed  on  the  front  of  the  crankshaft.    This  unit  is  not  common 
to  small  engines  but  is  usually  apart  of  larger,  nultl-cylinder 
automotive  engines.    Refer  to  figure  9. 

There  is  also  a  two  stroke  cycle  engine  that  works  as  follows ; 
Intake  and  exhaust  ports  are  cut  into  the  cylinder  wall,  and  as 
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Figure  10.    Events  in  a  Internal  ConbiMtiem  Engine. 


Che  piston  xtm^u^am  down  on  Its  power  stroke,  it  first  uncovers 
the  exhaust  port  to  allow  burned  gasses  to  escape.    Ic  then  uncovers 
Che  intake-  port  to  allow  a  new  aiffuel  mixture  to  enter  the 
combustion  chsnber.    On  the  upward  stroke,  the  piston  covers  both 
ports  andp  at  the  same  tine,  compresses  the  new  mixture  in  preparation 
for  ignition  and  another  power  stroke.     Refer  to  figure  10. 

This  chapter  has  dealt  td.th  and  built  up  a  one  cylinder, 
four  stroke  cycle  engine*    However,  automotive  engines  are  multi- 
cylinder  engines.    Extra  cylinders  are  added  to  produce  a  greater 
amount  of,  and  a  smoother  flow  of  power.    A  four  cylinder  engine 
would  produce  a  relatively  smooth  flow  of  power,  but  there  is 
no  power  overlap  (one  cylinder  beginning  a  power  stroke  before 
another  one  has  finished).    However  the  more  cylinders  added, 
the  greater  the  power  overlap  and  the  smoother  the  power  flow. 

Multi'^yllnder  automotive  engines  come  In  many  different 
arraagaawnta  of  parts,  so  it  U  nacassary  co  clMalfy  thasa  engines 
into  catetories. 

1.    By  Cooling  System 

a.  Air  coaled  engines 

b.  Liquid  cooled  engines 
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2.    By  Cylinder  AxTAngmAC 


.  J;    V'TyP* i    In  th«  V.typ€  «QgiaM,  wo  '^lanki"  of 

to  liM  cylinders  are  nountod  In  a  V-sh«pe  above  a  conmon  crankahaft 

Tho  angle  of  the  V  is  usually  90  degrees  for  an  eight  cylinder 

eiglne. 

,  ,  .        J:    Horizontal  Opposed;    This  engine  has  its  cylinders 
laid  on  thftlr  sides  In  two  rows  with  the  crankshaft  In  the  center. 

3.    By  Valve  Arrangement  (Refer  to  Figure  U) 


Figure  12.    Valve  Arrangement, 

a.    L-Head :    Both  valves  are  placed  In  the  cylinder 
block  on  the  same  side  of  the  cylinder.    This  is  more  conmonly 
called  a  flachead  engine. 

^'    IdiSfi^'    Connnonly  called  valve  In  head  or  overhead 
valve  engines,  because  the  valves  are  mounted  In  the  cylinder  head 
above  the  piston, 

F~Head ;    This  arrangement  is  common  to  military 
type  jeeps.    The  intake  valve  is  In  the  he^id  and  the  exhaust  valve 
is  in  the  block. 

■♦.    By  Type  of  Fuel 

a.  Gasoline  engines. 

b.  Diesel  engines. 
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S.    By  Hia^cr  of  StrokM  in  a  CyeX* 

f.    Two  Scrok*  cycl«.  • 
.bir   Four  Stroltft  cycle . 


Figure  22,    Corrpresaion  Ratio  ia  Ratio 
Betueen  "A"  and  "B. " 

SUWARY 

This  chapter  has  xovered  the  areas  of  basic  engine  operation, 
principles  of  construction,  and  the' function  that  each  part  or 
group  of  parts  has  In  relation  to  engine  operation.    It  Is  Important 
to  remember  the  theory  behind  the  four-stroke  cycle  engine.  This 
theory,  plus  a  knowledge  of  terms  such  as  volumetric  efficiency, 
compression  ratio,  figure  12,  pressure  differencials,  etc.,  are 
extremely  significant  and  handy  topis  when  a  mechanic  has  to  troubleshoot 
an  engine  malfunction.  S 

QUESTIONS 

1.  Explain  the  relationship  of  vacuum,  atmospheric  pressure, 
and  pressure  differentials. 

2.  Explain  the  operation  of  a  four  stroke  cycle  engine. 

3.  How  Is  valve  operatic i  related  to  piston  movement? 

4.  How  Is  valve  timing  accomplished? 

5.  What  is  the  purpose  of  the  crankshaft? 

6.  What  is  the  purpose  of  the  flywheel? 
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.7,  What  is  the  dlff«r«ac«  b«cw««ti  a  four  vcrok*  cyd*  •nftn* 
and  A  two  stroke  cycle  engine? 


"""tr  ^Whir  ts  iiijg  connecting  toi  ^^-^^^^^ 

beerings? 

9.    What  is  crankshaft  end-play  and  how  is  it  controlled? 

10.  What  Is  "torsional  vibration**  and  how  is  it  controlled? 

11.  List  the  major  classifications  of  internal  combustion 
gasoline  engines. 
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Vehicl«  Mainteruwco  Branch  3ABR47330-SG-202 
Chanuce  AFB,  Illinois  ' 

OBJECTIVES 

o  A£t«r  complatlrn  of  this  unit  of  instruction  you  will  b«  abls  to 
inspsct  sngins  components  snd  ^ttrmin*  thsir  serviceability  by 
comparlsion  of  inspection  results  with  manufacturer's  specifications. 

INTRODUCTION 

In  this  student  study  guide »  a  general  outline  for  inspection 
and  servicing  of  engine  parts  will  be  discussed.    For  specifications 
and  specific  methods  of  accoBpllslilng  the  procedures  that  follow, 
it  will  be  necessary  to  refer  to  th«  appropriate  technical  order 
or  comnercial  manual. 

INFORMATION 

Safety  precautions  must  cone  first  at  all  times  when  working 
In  maintenance  shops  and  this  school.    Your  instructor  will  be 
loo;  ing  for  such  things  as  follows:    proper  use  of  tcols;  water 
or  Oil  on  the  floor;  removal  of  jewelry  in  lab  are^s;  proper  use 
of  battery  chargers;  and  care  of  all  equipment. 

CLEANING  AND  PA^TS  INSPECTION 

Upon  engine  disassembly  all  parts  should  be  cleaned  and  visually 
Inspected  for  obvious  defects  such  as:    scratches,  burning,  scrapes, 
and  breakage.    Since  such  defective  parts  oust  be  replaced,  it 
won't  be  necessary  to  measure  them  for  wear.    Any  special  cleaning 
procedure  will  be  discussed  when  the  appropriate  parts  are  mentioned. 


CYLINDER  BORE  GAUGE 


FigidTB  13,    Cylinder  Bore  Gauge 
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Figvire  14.    Checking  CuU^r  Bore  With 
Oauce  and  Outeidi'm<xpomtei*. 


hrtu  «GMr  ANoii 
TO  aNTmuNi 

OriMOlHf 


I-MMAIIA  TO 

ONTnUNt  OP 


I.  Our^-MUNO  =  9>FFfllfNa  «fTWnN  A  AND  ■ 
a.  TAW  =  OHmt»<Cf  IfTWfeN  THI  a  MEASUKMfNT  AT  TO  Of 
aUNOM.  KMC  Af«  TW  A  MCAUMCAtfNT  AT  •OTTOM 

figure  25.    Checking  Cylinder  Bore 
Out'Of-Roimd. 


Cylinder  Blocks  and  Heads 


Th«  oylinder  block  and  head  should  be    carefully  inspected 
for  a- buildup  of  rust  and  scale  into  coolant  passages,  or  blocked 
oil  passageways^.    tha  next  step  is  to  measure  the  cylinder  Itself 
to  determine  ths  following:    (1)  correct  size  (dianeter).  (2)  cylin- 
der tapered  from  the  top  to  the  bottom,  and  (3)  cylinder  out  of 
round.    These  measurements  are  taken  with  a  cylinder  gauge  "and 
outside  micrometers,  or  with  a  telescoping  gauge  and  outside  micro- 
meters, and  are  illustrated  in  figures  13,  14  and  IS.    If  the  5 
cylinders  are  slightly  .out  of,  shape  they  can  b«  corrected  by  using 
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'ig\4ra  16.    Cylinder  Bona. 


Figure  1?.    Boring  a  Cylinder. 


Figure  18.    Croeahatoh  Pattern  On  Figure  19.    Cylinder  Head  Flatness. 

Properly  Honed  Cylinder  Wall. 

a  cylinder  hone,  figure  16.    If»  however,  the  cylinders  become  worn 
too  much,  it  will  be  necessary  to  have  then  bored  out  as  lllua crated 
In  figure  17.    After  the  cylinder  is  bored,  it  must  then  be  honed 
slightly  to  produce  the  correct  finish  on  the  cylinder  walls,  as 
shown  in  figure  18.    Finally,  the  flatness  of  the  top  of  the  block 
should  be  checked.    Figure  19  shows  the  flatness  of  a  cylinder  head. 
The  ssne  method  of  using  a  straightedge  and  feeler  gauge  would 
be  applied  to  the  cylinder  block. 

Pistons,  Piston  Rings  and  Connecting  Rods 

Pistons  must  be  cleaned  with  an  approved  solvent  and  dried 
with  compressed  air.    Do  not  scrape  then  with  a  putty  knife  or 
wire  brush.    The  ring  grooves  of  a  piston  ar^  cleaned  with  a  ring 
groove  cleaner,  as  Illustrated  in  figure  20.    The  t^itt  step  is 
to  measure  the  outside  dlaaeter  of  the  piston  to  debexnine  how 
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Figure  SO.    ClecsTlng  Ring  Grooves, 


much  It  Is  wom . 
in  figure  21. 


Figure  21.    Measuring  Piston 
with  Miaromter. 

This  is  done  with  an  outside  micrometer,  as  indicated 


Wl^en  both  the  cylinder  diameter  and  the  piston  diameter  are 
known,  the  clearance  between  them  can  be  determined  by  subtracting 
the  two  measurements.     For  example: 


Cylinder  Bore 
Piston  Diameter 
Difference 
Clearance 


-  4.000  Inches 

-  3.994  inches 

-  0.006  inches 

-  .003  inches  (three  thousandths  on  each  side) 


Another  way  to  check  piston  fit  is  with  a  ribbon  and  spring  tension 

scale.    Here  you  measure  how  many  pounds  of  pull  are  required  to 

pull  the  feeler  ribbon  out  of  the  cylinder  a^  illustrated  in  figure  22. 

The  last  thing  to  neasure  is  the  fit  between  the  piston  pin  and 

the  piston  boss.    This  is  accomplished  by  miclng  (using  micrometer) 

to  check  the  outside  diameter  of  the  piston  pin  and  the  inside  dlametfer 

of  the  piston  boss.    The  clearance  is  then  determined  in  the  same  way 
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Figure  22,    Checking  Pie  ton  Fit 
to  Cylinder  Bore, 


Fijure  2$.    Honing  Piston  Pin  Boasea. 

as  it  was  for  piston  fit.    If  the  piston  pin  fit  is  incorrect,  the 
piston  must  be  replaced,  or  the  piston  bosses  must  be  honed  out 
so  that    a  larger  pin  may  be  Installed,  figure  23. 

thS  next  group  of  ports  to  be  Inspected  are  the  piston  rings. 
The  following  items  should  be  checked:    (1)  end-gap  or  the  distance 
between  the  ends  of  the  ring  when  it  is  at  the  bottoa  of  ring  travel, 
(2)  side  clearance,  and  (3)  make  sure  the  rlng.li  free  to  turn 
in  its  groove  on  the  piston.    End-gap  md  side  clearance  are  shown 
in  figures  24  and  25*    If  there  la  too  little  end-gap,  it  can  ' 
be  incresMd  by  fUing  the  ends  of  the  ring.    If  there  is  too 
much  end-gap,  a  larger  ring  will  have  to  be  installed.    If  too 
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Figure  24,    Cheaking  RCng^to-Groove  Side 
C^aremae  with  Feeler  Gauge, 


Figure  25.    Cheeking  Ring  Gap 
with  Feeler  Gccuge. 

""f  detected  be  sure  to  Inspect  both  the  ring 

and  the  ring  groove  or  ring  bands  of  the  piston.    It's  possible 

""^^^  ^^^""^^  enlarged  causing  a  sloppy  fit  even 

with  a  good  ring. 

Finally,  it  will  be  necessary  to  check  the  condition  of  the 
connecting  rod.    The  first  item  to  check  is  the  piston  pin  fit. 
It  may  be  measured  in  the  .s«ne  meaner  ae  it  ves  when  checking  Its 
fit  in  Che  plfcon.    The  next  thing  to  inspect  is  the  rod  for  a  bent 

^L'liUft  K?*""**^^""'  different  types  of  rod  alignment  devices  . 

are  available.    One  such  tool  «id    its  use  are  Illustrated  in 
flguie  26. 

Crankshaft  and  Bearings 

To  begin  with,  place  the  crankshaft  in  a  set  of  V  blocks 
so  that  the  end  oain  bearing  Journals  rest  in  the  Vs.    If  the  shaft 
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Figure  26.    Rod  Alignmnt  Tool, 

is  bene  or  warped,  the  auiin  bearing  Journals  will  not  rotate  in 
a  true  circle.    This  varpage  can  be  detected  by  placing  a  dial 

i!!?  "^'^  bearing  journals  and  rotatlSg  the  .haft 
in  the  V  blocks.    This  aeaaureoent  is  called  crankshaft  runout. 


DIAL  INDICATOR 


Figure  27.    Dial  Indioator. 


The  next  Item  to  check  is  crankshaft  en«J-play.    This  is  done 
by  moving  the  shaft  as  far  to  the  rear  of  the  engine  as  possible 
(crankshaft  installed  in  the  cylinder  block).    Then  set  up  a  dial 
indicator  as  shown  in  figure  27.    Finally,  move  the  shaft  all 
the  way  forward  and  read  end-play  on  the  dial  Indicator. 

After  end-play  has  been  checked,  the  flywheel  mounting  surface 
of  the  crankshaft,  and  the  face  of  the  flywheel  should    be  checked 
for  runout.^  Thla  1.  accomplished  with  a  dial  indicator  as  shown 
in  figures  28  ami  29. 

When  these  measurements  are  completed  it  will  be  time  to  measure 
each  and  every  crankshaft  Journal  for  the  following:    (1)  diameter. 
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Hgyre  23,    Chaining  Flywheel 
''hunting  Surface  Runout, 


Figure  29.    Typical  Flywheel  Face  Runout, 

(2)  taper,  (3)  out  of  round.    These  measurements  are  taken  with 
an  outside  micrometer.    After  diameter  has  been  checked  at  one 
point,  rotate  the  micrometer  around  the  shaft  90*^  and  check  it 
again.    If  there  is  a  difference  in    the  two  measurements,  the 
journal  is  out  of  round  the  amount  of  that  difference.    The  diameter 
of  the  Journal  is  also  checked  on  both  ends  In  order  to  determine 
the  amoune  of  taper.    If  any  of  the  above  measureaentB  are  out 
of  specifications,  the  crankshaft  will  have  to  be  taken  to  a  machine 
shop  and  be  corrected  or  be  replaced. 

The  last  item  to  be  inspected  in  regards  to  the  crankshaft 
are  main  and  connecting  rod  bearings.    Since  the  same  procedures 
apply  to  both,  no  distinction  will  be  siade  between  them.  Study 
figure  30  to  become  fani liar  with  connon  bearing  failures. 

Two  thing*  must  be  checked  before  installing  a  set  of  bearing 
inserts.    First,  the  bearing  spread  or  distance  between  the  ends 
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Figure  SO.    Typical  Bearing  FailureB. 


ICAtlNG 


DECREASING  SMEAO  (THIN  WALL  tiAilNOI 


Figure  31.    Bearing  Spread  Adjustment. 

of  tbft  bearing,  and  bearing  clearance  (the  space  between  the  bearing 
and  the  crankshaft  journal  where  oil  circulates) .    Tbe  method  of 
adjusting  bearing  spread  Is  Illustrated  in  figure  31.    To  measure 
bearing  clearance,  a  small  rod  of  soft  plastic  (Flastlgage)  Is 
used.    A  piece  of  plastigage  Is  placed  across  and  Just  a  little  off 

i 

« 
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Figure  3£.    Checking  Bearing  CUarcmce, 


in  the  engin.  and  torque  the  bolts  down  to  spec! fl cations  V 

^Jh  •  ^^^^^^  ^*  '^^'^^  °f  '^^^^  flattened  plaitigagr 

with  the  scale  provided  aa  shown  In  figure  32.    The  scale  rfads 
bearing  clearance  directly  in  thousandths  of  an  inch 


Figure  3S,    Cheeking  Cm  lobe  Lift. 

Camshaft  and  Bearings 

Oiecking  «  caashftft  is  very  almiUr  to  checking  «  crankshaft. 
The  bearing  journal,  camshaft  runout,  aad  end-play  are  chackad  In 
exactly  the  saae  manner  as  the  crankshaft.    Runout  nd  end-play 
are  pictured  In  figures  33  end  34. 

In  eddition  to  these  measurements,  the  anount  of  cam  lobe 
lift  must  also  be  checked.    This  can  be  done  with  the  shaft  in 
V  Blocks  and  a  dial  indicator  mounted  against  the  lobe,  or  by  using 
the  dial  indicator  on  the  end  of  a  pushrod,  as  shown  in  figure  35. 

Finally,  the  bearing  clearance  is  measured  by  using  an  outside 
micrometer  to  measure  the  bearing  Journal  end  inside  micrometers 
to  measure  the  bearing.    Review  the  subject  of  measuring  the  clearance 
of  the  piston  to  the  cylinder  wall  for  details. 


noMT  s«i  ot  own 


23   ^^^w'*         Cheaking  Ancmt  of  Slack 


timing  Gears  and  Chains 

If  th«  clmlng  gears  are  connacted  with  a  chala,  it  will  b« 
necessary  to  naasure  the  amount  of  slack  In  the  chain  with  a  steel 
rule.    One  manufacturer's  method  of  doing  this  is  shown  in  figure  36. 
If  the  gears  are  meshed  together  directly,  the  amount  of  play 
between  the  teeth,  or  backlash,  is  checked  by  inserting  a  feeler 
gauge  between  the  teeth  or  by  using  a  dial  indicator  as  illustrated 
in  figure  37. 


Hgia>e  38,    Checking  Valve  Meaauremnte , 


in  ^ 


In  ordsr  to  clmm  v«lm,  *  wltft  brush  oo  «  b«iich  trlAd«r  U 
noxMUy  um4.    Th»  vftlvf*  should  tim  b«  vlmlly  imp^M  tot 
•yldsocft  of  hurAlAg^  fttii»  ^itek«4  ^  Mtilf«»  iiem  irsem 


tMMur«mtncs  should  b«  sceoaplishtd:    (1)  disatut  of  th«  vaXvo 
ttom  with  outsida  nieroMtors,  <2)  thleioMts  of  ch«  margin  on  cho 
v«lvo  hood  with  «  stool  xulo»  sad  (3)  ths  tu&oue  of  tho  vslvo 
fsco  «s  illustrstod  in  figuro  38.    (A  disl  Indlcstor  can  also  bo 
usod. ) 


Pigui^  39.    Valve  Seat  Bunout, 

The  valve  seats  are  the  next  itans  to  be  checked.  Visually 
inspect  the  seats  to  see  if  they  are  battered,  cracked,  or  pitted. 
If  no  defects  are  found  then  install  a  dial  indicator  and  chack 
the  funout  of  the  valve  seat  as  shown  in  figure  39. 

The  valve  guides  may  either  be  replaceable  inserts  or  merely 
bored  holes  in  the  head.    If  the  guides  are  bored  holaa  in  the 
head,  and  become  woni.  they  astst  ba  raborad  and  valves  with  larger 
stems  installed.    Before  inspecting  the  valve  guides  they  should 
be  daaasd  with  a  special  bursh  attached  to  a  1/4  inch  drlll^  sa 
shown  in  fi^ire  40. 

The  next  step  is  to  maaaura  the  guide  bore  for  wear.  This 
can  ba  accosqiliahad  by  uaing  inside  calipers  and  an  outside  micrometer 
or  a  special  gauge  as  illustrated  by  figure  41. 
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Hgt4r*  40,    CUcpting  Valm  Guide  Borga. 


Figure  42,    Che aking  Valve  Guide  Bore 
Using  Gauge  SE^18Z6, 

After  cleaning  and  measuring  the  guide  bore.  It  will  be  necessary 
to  check  the  clearance  between  the  valve  steia  and  the  guide  bore. 
The  best  way  to  mak«  this  check  is  by  ina tailing  the  valv«  In  th« 
valve  guide  ^d  setting  a  dial  Indicator  against  the  valve  stem 
as  pictured  in  figure  42.    Then  by  moving  the  valve  stem  back 
and  forth,  the  clearance  can  be  determined  from  the  dial  Indicator. 
An  exanple  of  ti  worn  guide  and  its  results  are  shown  in  figure  A3. 

Checking  the  valve  springs  is  the  next  item  to  consider. 
th«  springs  should  b«  straight  and  th«  coils  not  pulled  out  of  shap«. 
Ih«  ends  of  the  springs  should  b«  square  and  flat.    And  finally, 
each  spring  should  produce  a  specified  amount  of  tension  or  pressure 
at  a  given  height.    This  last  item  is  checked  with  a  valve  spring 
tester  as  illustrated  in  figure  44. 


Inspection  of  the  parts  that  make  up  the  valve  operating  mechanism 
is  the  final  job  to  be  performed.    On  vehicles  with  the  rocker 
arms  set  up  to  operate  on  a  shaft,  two  things  must  be  checked. 
First,  inspect  the  rocker  aim  shaft  to  see  if  it  is  warped,  and 

26  30;: 


gure  42.    Typiaal  Valve  Stem  Clearcnee, 


Figure  43.  Ef feats  of  Worn  Valve  Giddea. 

second,  owMure  the  clearance  between  the  rocker  arm  bushings  and 
the  rocker  am  shaft.    These  checks  can  be  made  with  a  dial  indicator 
and  microneters.  and  are  performed  in  the /same  manner  as  they  were 
when  the  csDShaft  was  measured.    If  the  engine  in  question  does 
not  use  a  rocker  arm  shaft,  it  will  be  necessary  to  inspect  the 
individu*!  studs  that  serve  as  a  mount  for  t«ch  rocker-arm.  tUkm 
3\g:e  they  «ren*c  b«nt.  partially  pulled  out  of  the  cylinder  he«d, 
or  have  dnaged  threads.    Uhen  these  items  are  completed,  each-- 
rocker  asm  is  inspected  to  mske  sure  the  part  thst  contacts  the' 
valve  St SB  is  not  marred  and  that  the  adjusting  screws  are  not 
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Figure  44.    Checking  Valve  Spring  Tension. 
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Figuf^e  4S.    Explodsd  Vieu)  of  Valve  Lifte 


damaged  or  h«v«  worn  or  stripped  chrcads.    The  next  IteM  on  the 
llit  ere  the  puehrode.    Ctmck.  each  one  for  battered  or  broken  ends, 
and  check  each  one  to  neke  sure  i't  Isn't  bent#    The  last  Itene 
on  the  list  ere  the  valve  lifters.    If  the  engine  has  solid  lifters, 
visually  Inspect  each  one  for  dasMge  and  measure  its  running  clearance 
in  the  cylindar  block  with  aicrooeters  and  telescoping  gauge.  If 
the  engine  la  queation  has  hydraulic  lifters,  they  should  be  dis- 
aaaeabled,  £lean«d,  and  their  leak  down  rate  tested.    These  procedures 
are  in  addition  to  fihe  ones  aentioned  for  solid  lifters.  When 
cleaning  hydrsulic  lifters,  ^eat  care  oust  be  taken  to  insure  that 
the  parts  of  «  lifter  are  not  installed  in  any  lifter  body  other 
than  the  one  they  were  taken  from.    These  parts  are  natehed  at  the 
factory  and  are  not  interchangeable.    A  typical  hydraulic  lifter 
la  shown  in  figure  45.   


The  leak  down  rate  is  tested  by  rutting  the  hydrsulic  lifter 
in  a  spwdal  tester  ma  shown  In  figuri  46.    The  lifter  is  then 
pu^ed  up  with  oil  mad  the  wount  of  ^tlae  It  takes  for  the  lifter 
to  leak  down  is  aeasured  in  ssconds. 


Figure  46.    Testing  l^dk-Dc-jn  Rate, 


Seals  and  Gaskets 


When  repairing  an  engine  there  is  only  one  rule  oCo  follow 
in  regard  to  seals  and  gaskets,  replace  the  old  ones  with  new 
ones.    Never  reuse  a  gasket  or  seal. 

•i 

When  installing  gaskets  and  seals »  cake  great  care  to  insure 
tiiac  they  are  put  on  the  correct  way  and  wtt\\  th*^  correct  side 
facing  up  or  out.    Always  consult  the  manufacturers  manual,  or 
tr.e  instructions  that  are  Included  with  the  gaskets  or  seals. 

SUMMARY 

This  chapter  has  cLealt  with  the  inspection  or  engine  parts 
during  overhaul  or  the  repair  of  any  given  set  of  component  parts. 
Afcer  reading  and  studying  this  chapter,  review  tne  inspection 
procedures  and  note  the  similarities  of  the  different  measurements 
involved, 

QUESTIONS 


1.     Describe  the  procedures  used  to  determine  the  serviceability 
of  cylinder  blocks  and  bores*  ^ 


rings? 


2.    What  are  three  things  to  check  when  installing  piston 


3^    Why  must  rod  alignment  be  checked? 

§ 

4.    What  items  are  inspected  to  insure  the  serviceability 
of  a  crankshaft? 
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5.  How  is  a  camshaft  checked? 

6.  Whac  are  two  ways  to  oeasure  timing  gear  backlash? 

7.  How  would  you  check  a  crankshaft,  camshaft,  rocker  arm 
shaft  and  pushrod  to  see  if  they  were  bent  or  warped? 

8.  Why  should  the  ring  bends  or  ring  groove  of  a  piston  be 
visually  inspected  if  too  much  piston  ring  side  clearance  is  detected? 

9.  How  would  the  clearance  between  a  rocker  arm  and  rocker 
azm  shaft  be  measured? 

10.    What  checks  are  performed  on  hydraulic  valve  lifters? 


)',; 
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PRINCIPLES.  INSPECTION  &  8EPAIR  OF  COOLING,  LUBRICATION,  4  CRANKCASE 
VENTILATING  SYSTEMS,  &  THE  USE  OF  yALV£  RECONOm^^^^  mimm 

OBJECTIVES 

•  ^ 

After  completing  this  unit  of  instruction  you  will  be  able 
to  explain  the  operation  of  cooling>  lubricating,  and  crankcase 
vent llating^Jsyst ems  and  how  to  repair  the  common  malfunctions 
of  these  syatems. 

INTRODUCTION 

The  purpose  of  the  cooling  system  is  to  keep  an  engine 
at  its  most  efficient  operating  temperature  by  removing  the 
excess  heat  of  combustion* 

The  lubricating  system  is  primarily  designed  to  supply  a  suf- 
ficient volume  of  oil  under  pressure  to  all  moving  engine  parts* 
However,  this  system  also  cleans  the  engine  internally,  aids  the 
cooling  system  by  absorbing  heat,  and  it  makes  a  good  seal  between 
the  piston  rings  and  cylinder  wall  possible. 

The  engine's  crankcase  ventilating/* system  has  the  Job  of 
removing  harmful  gasoline  and  water  vapors  from  the  lubricating 
oil  in  the  crankcase* 

COOLING  SYSTEMS 

Liquid  Cooling  Systems 

The  liquid  coolant  is  circulated  through  the  engine  by  a 
water  pump,  as  shown  in  figure  47,    While  the  coolant  is  moving 
through  the  engine's  water  jackets  and  passages  it  absorbs  excess 
heat  and  retains  it  until  it  reaches  the  radiator.    When  the  coolant 
reaches  the  radiator  it  flows  through  thin  metal  water  tubes  as 
illustrated  in  figure  48.    These  water  tubes  are  spaced  so  that 
air  can  circulate  around  them  and  cool  the  liquid  inside.  During 
highway  operation,  air  is  forced  through  the  radiator  by  the  vehicle's 
forward  motion.    However,  around  town  and  when  the  vehicle  is 
not  Qooving,  a  fan  attached  to  the  water  pump  pulls  air  through 
the  radiator  to  cool  the  liquid  inside.    After  the  temperature 
of  the  coolant  is  reduced  in  the  radiator,  it  then  returns  to 
the  water  pump  and  into  the  engine.    A  typical  water  pump  is 
illustrated  in  figure  49*    When  installed,  this  puarp  Is  driven 
by  means  of  a  pulley  and  fan  belt  attached  to  the  fan  hub.  A 
constant  coolant  temperature  ie  maintained  by  controlling  the 
amount  of  coolant  that  circulates  between  the  engine  end  radiator. 
This  is  accomplished  by  rising  a  heat  sensitive  valve  called  a  thenso- 
Stat.    When  the  engine  is  too  cool,  the  valve  closes  and  restricts 
the  amount  of  coolant  going  to  the  radiator;  and  when,  the  engine 
is  too  warm,  it  opens  wider  to  allow  more  coolant  to  circulate 
through  the  radiator.    This  operation  is  shown  in  figures  50 
and  31. 
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FCgure  47.    Cooling  Syatem  Civoutation, 
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Figure  43.    Tubular  Core  Radiator  Ccmatruation, 


Figure  49.    Typical  Water  Pump. 
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Notice  that  when  the  engine  is  cold  and  the  thermostat  la 

operating  tenp.ratur..    However,  for  P«nd'o?"r"!i?: 

pressure  ,o  tK,c  ch.  fn^JSrr.Vo'p'.^.l.^'^r'l  ^  ZVlh'l^.'l^L, 
t«per.ture  without  fe.r  of  ch.  cooUnt  boUlu,.    Th.  r.dutor 
pre„ura  cap  Is  designed  so  that  any  excess  ora« J.  J?i  J!    , ,  j 

top  njdlator  tank  ^ght  collapse.  Ih,  -S^'a^uUMrc^^Ja^r?. 
^course  wafr.    H6«v.r  wat.r  .l«>e  „U1  craata  ruat  Hd  «.U 

a^^rii  \  Therefore  If  water  Is  aU  chat  is  us«l  m  .  cooling 
ayst«.,  Mi«  sure  a  ruat  inhibitor  and  water  pu«p  lubricant  a« 


WATER  HiMP 


Figure  SI,    Thsrmoatat  Open, 

added.    Winter  operation  requires  the  use  of  an  antifreeze  solution. 
(Eythelene  glycol  is  the  chemical  used.)    Most  commerical  anti- 
freeze already  contains  rust  inhibitors  and  water  pump  lubricants 
and  they  tend  to  have  higher  .boiling  points  than  water  so  they 
are  usually  reconmendad  for  summer  use  also.    On  1969  and  later 
models,  most  manufacturers  recommend  that  cooling  systems  be 
protected  with  antifreeze  (eythelene  glycol)  to  at  least  0**  F  to 
provide  adequate  corrosion  protection  and  proper  operation  of  the 
temperature  indicating  light.    Coolants  that  do  not  meet  this 
requirement  will  boll  at  lower  temperature  than  the  setting  for 
Che  indicating  light. 

Malfunctions  and  Repair 

One  of  Che  most  common  causes  of  improper  cooling  system 
operation  Is  a  loss  of  coolant  due  to  leaks.    Leaks  that  occur 
due  to  a  bad  radiator  cap,  poor  hose  connection,  or  defective 
core  hole  plugs  are  repaired  by  replacing  the  defective  part. 
Leaks  are  also  caused  by  defective  gaskets  at  the  watar  pump, 
thermostat  housing,  or  the  head  gasket.    When  replacing  these 
gaskets,  be  sure  and  check  the  mating  surfaces  for  warpage.  Radiator 
leaks  can  usually  be  repaired  by  removing  the  r«di*tor  and  soldarlng 
the  leaks  shut.    If,  however  a  leak  occurs  due  to  a  cracked  head 
or  block,  the  defective  part  must  be  replaced.    Examples  of  a 
cracked  head  or  block  are  shown  in  figures  52  and  53. 
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LEAKING  GASKET 


Figure  52,    Croaked  Cylinder  Head. 


CRACKED  BLOCK 


Figure  S3.    'Croaked  Cylinder  Block. 


iHgure  S4.    Cross  Section  of  Engine 
Skcwi*ig  Cooling  System  Itegleat. 


3  9  ' 
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Hgiir^  SS,    ImidM  D^UHoratian  and 
«.  Clogging  of  Rubber  Boat, 

Another  typ*  of  probltoi  thAt  e«a  d«v«lo^  in  a  liqal4  cooling 
sy«c«m  i«  blockage.    Whon  cooUnt  patMgmya  \b«CQM  blockad, 
tho  liquid  can't  clrcuUte  through  tho  ayatom  and  raach  the  radiator 
to  be  coo lad.    Tharafbra,  an  ovarhaat  condition  aay  ba  axparlancad. 
Thla  condition  can  ba  cauaad  by  a  tharaoatat  that  doaa  not  opan 
proparly,  but  nor a  of tan  than  not,  is  cauaad  by  cooling  ayatam 
naglact.    That  la,  tha  ayatam  lan't  dralnad  and  fluahad  parlodically, 
hoaaa  aran't  inapactad.  or  plain  watar  ia  uaad  for  coolant  without 
the  addition  of  mat  inhlbltora  and  water  puop  lubricanta.  The 
reaulta  of  auch  neglect  are  pictured  in  flgurea  54  and  55.  If 
a  defective  thermoatat  la  auapected,  almply  remove  it  from  the 
engine  and  place  it  in  a  container  of  hot  watar  with  a  tharaonater. 
Tha  thermoatat  ahould  itart  to  open  when  the  water  reachaa  tha 
temperature  rating  of  the  thermoatat  being  teated.    Thla  procedure 
is  illuatrated  in  figure  56. 
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Hgur9  S$,  Simple  Shop  Test  for 
Cheeking  T-utrmoetat  Operatic*:, 


Figure  57,    Adjusting  Fan  Belt  Tenaicn. 


Figure  68,    ChaoHng  Drivs  Bait  Teneion. 


Finally,  improper  operation  may  result  from  a  defective 
or  Improperly  adjusted  fan  belt.    If  a  fan  belt  la  cracked,  it 
way  break  during  engine  operation.    If  the  sides  of  the  belt 
are  glazed  or  polished,  it  will  slip  in  the  pulley  and  not  turn 
the  cooling  fan  properly,  the  saae  as  it  would  if  the  belt  were 
too  loose.    On  the  other  hand,  if  the  belt  is  too  tight  it  will 
wear  out  the  bearings  in  the  w^ter  punp  and  alternator.  Correct 
belt  tension  can  be  achieved  by  measuring  belt  deflection  aa 
,  shown  in  figure  57.    Always  consult  the  oanufacturer's  manual 

for  the  exact  amount  of  deflection.  A  special  belt  tension  ggge 
*•  illustrated  in  ^figure  58  Is  the  best  method  to  achieve  prop«r 
bait  ceaalon. 

Air  Cooled  Systems 

In  an  air-cooled  engine  no  liquid  coolant  is  used.  The 

 «ngla«  it  cooled  by  clrcal«Clng  air  from  a  cooling  fan  and  the 

air  blast  created  from  the  movement  of  the  vehicle.  Bafflas 
or  air  deflectors  end  a  fan  shroud  are  uMd  to  4irect  the  aIt^ 
flov  to  t>«  engine.    The  air  cooled  engine  is  also  constructed 


38 


dlfftr«ntly  than  t  liquid  eeol«d  «Bgifi«.    teeli  cylindtr  Hm  flat 
on  Ic  and  !•  bolc«d  co  th«  erftnkcA««  ••p«r«e«ly.    Th«r«fer«,  «or« 
surface  «r««  It  •xpoiad  to  th«  cireulAtlat  air  in  th«  «it^«  coa^art' 
Mnt*    In  addition  to  thia,  a  aaall  radiator  eallad  an  oil  ooolar 
la  Md  1^         «EM^  ^  m^am'  m  hi^iam^am 


proparly  adjuatad,  and  that  tha  angina  ia  leapt  daan  and  fraa 
of  foraign  aatarlala  that  vould  cut  doim  on  haat  tranafar  to  tha 
air. 

LUBRICATING  SYSTEMS 


Th«  lubricating  syataa  of  an  angina  ia  dWaignad  to  aupply 
oil  to  cha  iBovlng  parta  of  an  angina  ao  that  thoaa  parta  ara  not 
damagad  by  friction.    Thia  la  accoapliahad  by  uaing  a  punp  to  clrculata 
oil  from  tha  oil  pan,  to  tha  varioua  angina  parta  through  drillad 
paaaagavaya  in  tha  angina. 

Tha  lubricating  oil  uaad  in  an  angina  aarvaa  aavaral  purpoaaa. 
By  occupying  tha  aaall  apaca  batman  aoving  parts,  oil  kaapa  thaa 
from  Couching  and  allows  tham  to  slida  ovar  aach  othar.    Thia  graatly 
reducas  friction.    Sacond.  tinea  motor  oil  it  in  diract  contact 
with  hot  angina  parta  it  abtorbt  haat  and  carrias  it  back  to  the 
oil  pan  whara  cooling  takaa  placa  aa  air  flows  ovar  tha  pan.  Third, 
a  gat  tight  taal  batwaan  tha  piston  rings  and  cylinder  wall  would 
tft  impossible^ if  it  were  not  for  the  sealing  action  of  oil.  Finally, 
with  the  use  of  detergent  oils,  the  engine  can  be  kept  clean  Internally. 
Motor  oils  are  graded  in  four  claaaif ications  which  eatabllah 
specific  performance  levels.    Tl-e  first  level  is  rscognized  by 
Che  initiala  SD.    This  oil  provides  the  greateat  protection  against 
high  and  low  cemperetures,  corrosion,  rust,  and  wear.    The  next 
low  grade  Is  marked  SC.    Oils  bearing  thia  grade  marking  protect 
against  the  same  things  as  SD  oils,  however,  they  do  not  protect 
as  well.    Oila  marked  as  SB  are  for  uac  in  engines  operated  under 
alld  condltiona  chat  need  only  the  minimum  protection.    The  last 
classification  is  deaignaced  as  SA.    This  oil  is  not  suited  for 
uat  In  automotive  enginea.    Another  charactarlatic  of  oils  is 
how  easily  they  pour.    Some  oils  ara  quite  thin  and  pour  much 
like  water,  while  other  oils  are  much  thicker  and  pour  more  like 
nolasaes.    Oils  arc  rated  on  this  characteristic  which  is  known 
aa  viscosity.    For  engines  the  viscosity  rating  normally  ranges 
from  low  oils  to  40W  oils,  lOU  being  the  thinner.    Some  oils  have 
a  nultipla  viscosity  rating  such  aa  10W-30W.    Theae  oila  ara  deaignad 
to  cover  a  wide  range  of  operating  tamperaturea .    Tha  next  item 
CO  conaider  is  how  the  oil  is  circulated  from  the  oil  pan  to  the 
engine  parta  and  back  to  the  pan. 

Oil  travela  from  the  oil  pan  to  the  intake  side  of  an  oil 
pump  through  an  oil  pick-up  or  atratsar.   A  wira  acraaa  ecvara 
thia  inlet  to  kaap  out  partielaa  of  carbon,  metal  or  othar  foreign 
•aterial*    Tha  oil  ia  thm  pushed  through  an  oil  filter  and  into 
drillad  paaaagavaya  in  the  erankahaft  to  lubricate  tha  main  and 
connecting  rod  bearings.    Oil  paaaagawaya  called  gallariea  are  alao 
provided  in  Che  block  to  lubricate  tha  camahaft  bearing  and  valve 
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Figure  60.  Foroe-Feed 

Lubrication  System, 

operating  aechanlsm.    The  oil  is  then  returned  to  the  oil  pan 

by  means  of  draln-back  holes  In  the  engine.    In  addition  to  this, 

some  engines  have  a  hole  drilled  through  the  length  of  the  connecting 

rod  so  that  the  piston  pins  can  be  lubricated  under  pressure. 

tf  such  a  hole  is  tisitd,  the  system  is  temed  full  pressure  or 

full  force  feed,  if  not  it  is  called  a  force  feed  system.  In 

either  ease  the  cylinder  walls  and  piston  arc  lubricated  by  oil 

thrown  off  of  other  moving  parts  or  by  splash  and  an  oil  spit 

hole  In  the  crankshaft  end  of  the  connecting  rod.    These  two  oiling 

systsas  are  Illustrated  In  figures  ^9  and  60.    The  oil  punps  used 

sither  a  gear  type  pump  as  shown  in  ftgurs  61,  or  «  rotor 
puap  as  shown  in  figure  62.    ftoeh  cyp^s  of  puap«  Incorporato  an 
oil  pressure  relief  valve  as  shown  in  the  illustrations.    If  the 
pressure  in  the  lubricating  system  bscoacs  higher  than  a  predetermined 
-specification,  the  spring  loaded  valve  is  forced  off  its  seat 
and  the  excessive  pressure  is  relieved  by  allowing  some  oil  to 
by-pass  the  engine  and  be  pumped  directly  beck  to  the  oil  pan. 
By  operating  in  this  mdnner,  the  oil  pressure  relief  valve  controls 
the  laaximum  pressure  developed  within  the  system.    The  oil  filters 

e 


40  3il 


OASKCT.  Oh.  rUMr  TO  CVUNOEt  ROCK 


Figure  62.    RotoV'Typa  Oil  Pump, 

us«d  on  today's  v«hicl«8i  fllt«r  all  ch«  oil  from  th«  punp  b«for« 
ic  go«s  CO  the  «ngln«.    Tharcfora,  If  ch«  filter  becouM  clogged, 
no  oil  vouXd  reach  the  eaglAe.    To  coaptiMte  for  this,  a  by* 
paaa  valve  la  used  In  the  filter.    Thm  If  the  filter  becoaee 
clogged  with  dirt,  the  bypaaa  valve  la  forc«i  open  by  the  oil 
fron  the  puop  and  oil  then  goea  directly  to  the  engine  vlthout 
being  filtered. 
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^■ig-Ape  63.    <Jheak  Gear  to  .Cover  Clearance, 


Fijure  64.    Checking  <Jear  to  Body  CUarccnae. 


Figure  ^5.    :>.e':*ki>T^  CZearancye  Between  Outer  Rotor  and  dodu. 
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5Y>re  63.    Checking  Oil  P^Mrp  Shaft  End  Play. 


One  problem  that  can  occur  In  a  lubricating  system  is  a  blocked 

^^^^  ^"^^  P^'^'^  from  that  passageway 

Will  fail.     The  damage^i  parts  must  then  be  replaced  and  the  galleries 
cleaned  to  prevent  further  engine  damage.     Another  malfunction  is 
low  oil  pressure  which  will  cause  improper  lubrication  and  premature 
engine  failure.    The  problem  here  is  to  find  out  if  the  original 
malfunction  was  caused  by  a  parts  failure  in  the  lubricating  system 
or  by  some  other  problem.    For  example,  if  the  fuel    system  supplies 
ejftessive  amounts  of  gasoline  to  the  engine's  cylinders,  much 
of  the  excess  fuel  will  go  past  the  piston    rings  and  wash  the 
oil  off  the  cylinder  walls.    The  excess  fuel  will  then  mix  with 
the  oil  in  the  oil  pan  and  thin  it  out.    The  results  could  be  scored 
cylinder  walls  and  damaged  crankshaft  and  bearings.    Another  problem 
could  result  if  the  cooling  systaa  allowed  the  engine  to  run  too 
hot.    The  excess    heat  would  cause  the  oil  to  become  too  thin 
to  aalncain  t>rop«r  oil  pressure  and  again,  th^  engine  would  be 
damaged.    Finally,  if  the  oil  ien't  changed  often  enough  It  will 
become  contaminated  and  not  lubricate  properly.    This  in  turn 
will  cause  the  engine  bearings  to  wear  excessively,  and  once  the 
bearings  are  worn,  low  oil  pressure  will  result.    In  this  case 
however,  low  oil  pressure  waan't  the  cause  of  the  failure,  just 
a  symptomatic  result.    Within  the  lubricating  system  Itself,  low 
oil  pressure  could  be  caused  by  a  lead  oil  pressure  relief  valve, 
ruptured 'gaskets  in  the  oil  pump,  Improper  oil  level  ^n  the 
^  44 
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cr*nkcA««,  inp^oiMr  deftr«ftee«  within  the  working  parts  of  th« 
pump,  or  a  sheared  pm  on  tha  oil  pump  drive  gear.    (Rafer  to 
figure  0..)    Figures  63  thru  68  Illustrate  tha  checks  made  on  the 
working  clearances  of  a  gear  and  rotor  type  pump. 

CRANKCASE  VENTIl^TJiW 


More  recently  this  subject  may  be  referred  to  as  control  of 
crankcase  emissions.    The  following  operating  characteristics  of 
engines  have  made  this  system  nacessary:    (1)  during  warmup  periods 
whea  the  carburetors  choke  is  in  use,  excels  fuel  will  get  past 
Che  piston  rings  and  dilute  the  oil,  (2)  condensation  of  water 
m  the  crankcase  mixes  with  sulphur  compounds  in  engine  oils  and 
causes  the  formation  of  sulphuric  acid,  (3)  blow-by  of  combustion 
gasses  during  engine  operation  causes  sludge  formation  and  oil 
dilution.    These  foreign  materials  exist  in  the  form  «f  vapors 
when  the  engine  oil  is  at  normal  operating  temperature,  and  it 
IS  Che  Job  or  the  crankcase  ventilating  system  to  remove  them 
from  the  engine. 


COMUNATION  Ok  NUCI  CAF 
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'  ClANCCAU  CA«C$ 

>  WSM  AM  nus 

CKANICAM  CAMS 


AM  HOW  PAST  SASf 
or  *OA0  OtAPT  TMC 


Figure  69.    Road  Draft  Twe  Sustem. 


Non-Positive  or  Draft  Tube  Ventilation 


Mosc  vehicles  built  before    1963  used  this  system.     On  this 
set-up  a  vent  or  draft      tube  was  installed  in  the  engine  above 
cne  oil  level  of  the  crankcase.    When  the  vehicle  was  in  motion 
air  rushing  past  the  open  end  of  Che  cube  created  a  partial  vacuum 
chat  pulled  fresh  air  into  the  engine  through  the  oil  filler  cap 
engine  and  out  the  draft  tube.    The  low  pressure  air  stream  caused 
crankcase  vapors  to  rise  from  the  oil  pan,  enter  the  air  stream 
and  be  discharged  through  the  draft  tube.     (Refer  to  figure  69;) 

Positive  Crankcase  Ventilation  (Open  Type) 

On  this  system  the  draft  tube  was  replaced  with  a  hose  connected 
to  the  intake  manifold.    This  manifold  vacuum  was  used  to  cause 
air  circulation  through  the  engine,  and  the  crankcase.  Vapors 
are  carried  Into  the  combustion  chambers  by  way  of  the  intake 
^ifold  and  burned  with    the  fuel  mixture.    A  valve  called  the 
P.C.V.  valve  is  used  to  control  the  amount  of  crankcase  vapors 
entering  the  combustion  chambers  so  that  the  air-fuel  ratio  isn't 
upset. 
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Figvtre  71..    Closed  Syaten. 

Positive  Crankcase  Ventilation  (Closed  Type) 

After  1968.  all  production  cars  used  the  closed  system.  This 
set-up  Is  the  same  as  the  open  system  ^ith  the  exception  of  the 
air  inlet.     Instead  of  air  entering  the  engine  through  the  oil 
filler  cap,  it  enters  on  the  clean  air  side  of  the  carburetor 
air  filter  and  is  piped  into  the  engine  as  shown  in  figure  71. 
The  advantage  of  the  closed  system  is  apparent  if  there  is  ever 
a  build  up  of  crankcase  pressure.     In  the  open  system  blow-by  gasses 
could  be  forced  into  the  atmosphere  through  the  oil  filler  cap. 
However,  in  the  closed  system  blow-by  gasses  would  be  forced  into 
the  air  cleaner,  mixed  with  the  air  fuel  mixture  and  burned,  not 
discharged  into  the  air. 

VALVE  RECONDITIONING  EQUIPMENT 

Due  to  the  many  varying  types  of  valve  reconditioning  equipment, 
tne  use  of  the  particular  equipment  on  hand  will  be  taught  by  your  * 
instructor  and  the  applicable  technical  publication. 

SUPWARY 

This  chapter  has  dealt  with  cooling,  lubricating,  and  crankcase 
ventilating  systems.    As  a  special  point  of  review  note  the  inter- 
lationships  of  the  various    systems  and  how  a  malfunction  in  one 
system  can  cause  trouble  in  another  different  system. 


1.  What  is  ch«  purpofltt  of  «  cooling  syit«m? 

2.  Wh«a  inapsctlng  m  liquid  cooling  syttftBt  what  4o  you 
look  for? 


ic  do? 


3.    How  do«s^  the  pr«ssure  tftdlAtor  cap  work  md  whac  docs 


4.  Explain  ch«  difference*  in  operation  of  a  liquid  and 
an  air  cooling  ayscem. 

5.  List  five  specific  liquid  cooling  syscem  malfunctions 
and  explain  how  ^hey  are  corrected. 

6.  List  the  purposes  of  the  lubricating  system. 

7.  Explain  how  a    lubricating  system  works. 

8.  What  are  some  causes  of  low  oil  pressure?    (At  least 

three.) 

9.  What  la  Che  difference  betveen  oil' viscosity  ratings 
and  service  cXasslf Icaclons? 

10.  C^laln  hov/  cooling  and  lubricating  systems  can  affect 
each  othefX  - 

11.  What  Is  the  purpose  of  a  crankcase  ventilating  system? 

12.  JExplain  the  differences  between  the  three  types  of  crankcase 
ventilating  systems.  { 
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Chanut*  AFB,  Illinois 

GASOLINE  ENGINE  FUEL  SYSTEM  UNITS 

OBJECTIVES 


St  ctii  -^^^^^    lis  a  on  you         -j^^^^^^^^  «xpl«in 

the  op«r«tion»  function,  and  ralationahip  of  gasoline  fuel-air 
system  components, 

INTRODUCTION 

The  purpose  of  Che  fuel  system  ta  to  supply  a  proper  mixture 
of  air  and  fuel  to  the  vehicle's  engine  for  all  ranges  of  engine 
operation.    This  chapter  will  deal  with  the  fuel  tank,  lines,  filter, 
aid  pump.  The  carburetor  will  be  discnssed  in  a  separate  chapter 
due  to  Its  complexity.    "Hie  subject  of  electric  fuel  pumps  will 
not  be  included  because  of  their  extremely  limited  use  on  general 
purpose  vehicles. 


A9 


Figure  73.  ^  Front  of  Engine  with  Timng 
Ckcdn  Cover  Removed, 


Figure  ?4,    Fuel  Fimrp. 


INFORMATION 


OPERATION 

A  conmion  gasoline  engine  fuel  systea  is  pictured  m  figure  72. 
^/^^  P"»P  ^  <iriv«n  by  the  eccentric  lobe  of  the  englnea  c«- 
fJ^Jr^Ti^  ??  eccentric  bolted  to  the  c«»sh.ft  geer  as  shown  In 
figure  73.    Figures  74  *^d  75  illustrate  a  aechaaically  operated 
diaphram  type  puop  in  coomon  use  today.    As  the  pump  is  operated 
by  the  fuel  pump  eccentric  a  flexible  diaphram  alternately  produces 
a  partial  vacuum  and  then  pressure  inside  the  pump. 

y**'^""  ^''^  camshaft  eccentric  pushes 

against  the  fuel  pump  rocker  arm.  figure  74(B),  and  the  rocker 
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Figure  75.    Fuel  Pump  -  Exploded  View. 

arm  pulls  down  the  flexible  diaphragm  and  compresses  the  diaphragm 
spring,  figure  7A(A) .    The  downward  movement  of  the  diaphragm  creates 
a  low  pressure  area  inside  the  pump.    Atmospheric  pressure  enters 
a  vent  In  the  fuel  tank  and  forces  fuel  into  the  low  pressure 
area  inside  the  pump.    As  the  camshaft  eccentric  rotates  further 
it  releases  the  pressure  on  the  rocker  arm  and  the  diaphragm  spring 
expands  forcing  fuel  to  the  carburetor.    This  is  the  discharge 
stroke.    A  one  way  flow  of  fuel  Is  maintained  through  the  pump 
by  means  of  two  poppet  valves,  figure  75.    W»n  the  carburetor 
has  a  sufficient  supply  of  fuel,  a  valve  (vKlch  will  be  discussed 
later)  closes  and  shuts  off  the  fuel  from  the  discharge  side  of 
the  pump.    The  fuel  pump  rocker  arm  will  continue  to  be  operated 
by  the  canshaft  eccentric,  but  the  pressure  created  by  the  fuel 
trapped  in  the  dpsed    line  will  keep  the  diaphragm  from  moving. 
Therefore  no  more  fuel  will  be  delivered  to  the  carburetor  until 
the  valve  opens  and  allows  fuel  to  enter  the  carburetor  again. 

A  pump  that  operates  in  this  manner  is  called  a  non-poslclve 
pump.    On  vehicles  equipped  with  air-conditioning  or  those  that 
have  high  temperatures  under  the  hood,  the  ^ove  fuel  system  causes 
a  problem.    When  the  engine  is  shut  off,  the  temperature  in  the 
engine  compartment  rises.    This  causes  the  gasoline  trapped  in  . 
the  fuel  line  between  the  pump  and  carburetor  to  expand  and  force 
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Figure  76.    Fuel  Lines. 


\T.al71T  J  valve.    As  a  result  the  carburetor 

floods  and  the  engine  is  bard  to  start  when  hot.    To  correct  this 

Vit  i-  iofi tailed  somewhere  between  the  discharge 

side-  of  the  fuel  pump  and  the  carburetor,  the  other  end  of  the 
Une  goes  to  the  Intake  side  of  the  pump  or  back  to  the  fuel  tank. 
A  small  opening  called  an  orifice  controls  the  amount  of  fuel 

Te.  J.l''^  f^"'**"**'  ^^•''•••*  i«  enough 

so  that  fuBl  pump  operation  will  not  be  affected  during  normal 

f!;Si''\°^!f**'i"''  however,  when  the  engine  is  shut  off.  pressure 
from  the  discharge  side  of  the  fuel  pump  is  relieved.    The  results 
are  that  engines  start  easier  when  they  are  hot  due  to  less  flooding 
and  reduced  vapor  locks  (gasoline  boiling  in  the  lines).  Refer 
to  figure  76. 

Fuel  \ines 

The  fuel  line  from  the  tank  to  the  engine  compartment  Is  usually 
laad-coated  steel,    steel  line  is  necessary  due  to  the  vibrations 
end  rocks  that  are  likely  to  hit  a  fuel  Une  located  underneath 
the  vehicle.    A  flexible  hose  (usually  neoprene)  connects  the 
line  mentioned  above  to  the  fuel  pump.    This  flexible  line  allows 
for  the  movemant  of  the  engine  on  its    mounts.    If  a  rigid  line 
was  used  at  ttvls  point  it  would  soon  break  fro«r  const«t  flexing 
action.    From  the  fuel  pump  to  the  carburetor,  either  type  of  Une 
may  be  used,  however  the  steel  line  is  preferred. 

Fuel  Gauges 

^iV^^l^J^^^^T  ^^^"^  ^^S"  °^  g*«8««.  the  'Wancing 

coil    and  the    thermostatic. Each  type  uses  a  sending  unit  in 
tha  tank  and  a    dash  unit,  figures  77  aj^  78. 
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^?  J*^         o£  th«  bAUiiclat  coll  typ%  has  a  tltdlni  contact 
tU^M  bmtk  moA  tPtth  «b  «  fMUt«i^  strip  m  th«  float 
mm  m  ^  40iqi      tl^  ItttJl   twOi,  i«lll  dna^  t^  Hwfi 


^nioat  drott  «d  tho  tlldlat   contact  aovoa  to  roduca  tha  taaistanct 
Tha  daah  mlt  containa  tifo  colla.    Whan  tha  ignition  switch  ia  tumad 
on,  currant  flows  throtith  cha  two  eoila  producing  a  Mgnat  that 
acta  on  a  pointar.    Whan  rasistsftca  in  tha  tank  unit  ia  high  (tank 
iUad),  tha  currant  flowing  through  tha  "aapty"  coil  also  flowa 
through  tha  "full"  coil.     Whan  this  occurs  tha  pointar  ia  puUad 
to  tha  right  so  that  tha  pointar  indicataa  FUlX.    When  tha  tank 
bagins  to  anpty,  tha  raaiatanca  of  tha  tank  unit  drags.  Thua, 
note  of  tha  currant  that  would  haw  gona  through  tha  full  coil, 
now  flows  through  tha  tank    unit  and  tha  "ampty"  coll  polls  the 
needle  forward  to  EMPTY.    So«a  \siits  of   this  type  uae  only  one 
coil  balanced  againat  a  spring  hooked  to  the  pointer. 

The  thenaostatlc  gauge  has  a  pair  of  bi-netal  strips  that  band 
when  they  are  heated.    Each  strip  Is  wrapped  with  a  heater  wire 
connected  to  the  battery  through  the  ignition  awitch.    Theae  coils 
carry  the  sane  aaount  of  currant  and  heat  both  bi-natal  strips 
the  same  aaiount.    Whan  the  tank  ia  full,  the  cam  moves  a  contact 
button  and  distorts  the  tank  unit  bi-natal  strip.    Therefore,  the 
blade  roust  heat  considerably    before  it  bends  enough  to  move  away 
from  the  contact  button.    While  this  blade  is  heating,  the  blade 
In  Che  dash  imlt   is  also  heating  and  the  pointer  is  pulled  toward 
FULL.    After  the  tank  blade  heats  enough  to  bresk  the  electrical 
circuit  it  cools  and  movea  back  to  the  contact  button,  thua  a 
vibrating  action  takes    place.    As  the  tank  empties,  less  heating 
ia  required  to  keep  the  tank  unit  at  the  vibrating  point  due  to  less 
pressure  applied  to  the  contacts  by  the  cam.    Therefore  the  dash 
unit  heats  less,  the  blade  bends  less  and  the  pointer  moves  ' 
toward  EMPTY, 


MALFUNCTION  AND  REPAIR 


The  fuel  tank,  tank  mounts,  «id  lines  will  deteriorate  from 
corrosion  and  rocks  thrown  from  the  vehicle's  tires.    When  this 
happens,  the  defective  units  should  be  replaced.    If  a  new  fuel 
tank  is  unavailable  the  old  one  can  be  brazed  or  welded.  However, 
if  this  action  is  taken,  it  must  be  done  in  accordance  with  existing 
safety  regulations  and  procedures.    Another  cause  of  fuel  tank 
failure  is  a  plugged  vent  or  improper  tank  cap.    In  either  case, 
Che  tank  will  be  subject  to  a  vacuum  build  up  and  will  collapse. 
The  fuel  filter  should  be  changed  at  tins  intervals  specified  by 
the  manufacturer.    If  It  becomes  clogged  before  it  ia  due  to  be 
changed*  replace  it  and  inapact  tha  raat  of  the  ayatm  for  excess 
deposits  of  dirt  or  debris.    Should  the  pump  bacona    defective - 
it  JIMS t  also  be  replaced.    Fuel  ^imps  on  new  vehicles  are  not  i4" 
pairabla,  see  figure  79.    For    older  vehicles  which  have  repairable 
pumps,  a  repair  kit  Is  seldom  available  so  they  too  must  be  replaced. 

To  determine  fuel  pump  serviceability  three  tests  are  per- 
formed:   (1)  a  volume  cest  on  the  carburetor  side  of  the  pump. 
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Figure  ?9,    Fuel  Pump  (Non-SemcaabUJ . 

(2)  a  pressure  test  on  the  carburetor  side  of  the  puop,  szid  (3)  a 
vacuiBD  test  on  the  tank  side  of  the  punp.    The  volume  test  is  performed 
by  inserting  the  discharge   fuel  line  from  the  pump  into  a  pint 
measuring  bottle.    The  engine  is  operated  at  idle  speed  «id  on  the 
average,  it  should  take  20  to  30  seconds  to  fill  the  container. 
(Check  manufacturer's  specifications.)    Insufficient  volume  is  usually 
caused  by  a  pinched  fuel  line,  worn  cam-shaft  eccentric  or  fuel 
pump  rocker  arm,  dirty  fuel  filter,  or  air  leaks  on  the  intake 
side  of  the  pump.    To  test  for  air  leaks  a  vacuum  test  is  performed 
on  the  intake  aide  of  the  system,  first  at  the  pump  and  then  at 
the  fuel  line  where  it  enters  the  tank.    Use  a  vacuum  gauge  and 
operate  the  engine  according  to  the  manufacturer's  test  procedures. 
If  the  reading  at  the  pump  is  low  then  the  pump  is  defective.  If 
Che  pump  reading  is  alright  but  the  reading  at  the  tank  is  low, 
then  there  is  an  air  leak  between  the  tank  and  the  pump.  Check 
Che  lines  for  holes,  loose  connections,  poor  hose  clamps  and  so 
on.    The  final  test    is  the  pressure  test.    The  fuel  line  is  removed 
at  the  carburetor  and  connected  to  a  pressure  gauge.    The  engine 
is  operated  according  to  the  manufacturer's  testing  instructions 
and    the  pressure  noted.    If  the  pressure  is  low  the  cause  could 
be  as  follows:    (1)  worn  camshaft  eccentric  or  fuel  pump  rocker 
arm,  (2)  hole  in  the  diaphragm  accompanied  by  gasoline  spurting 
from  the  fuel  pump  vent  hole  or  large  amounts  of  fuel  in  the  crank- 
case,  or  (3)    dirty  or  gunny  check  valves  from    using  a  poor  grade 
of  gasoline.    When  the  engine    is  shut  off  the  gauge  should  still 
indicate  pressure  in  the  Une  unless:      (1)  the  intake  md  discharge 
clwck   v«lv««  Uak  or  (2),  the  £u«l  systaa  it  the  by~pm  typ^ 
previously  described*     Low  prassure  could  also  be  caused  by  a  weak 
diaphram  spring.    If  the  pressura  la  too  high  then  look  for  the 
foiiowliigi    <i)  a  tlghc  diaphragm  (2)  fuel  between  the  layers  of 
the  diaphragm   material,  (3)  diaphragm  spring  too  strong,  or  (4)  fuel 
pump  link    frozen  to  the  rockar  arm.    To  troubleshoot  fuel  system 
gauges  and  sending  units  it    will  be  necessary  to  refer  to  the 
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•n  opm  ptp*  In  ch*  fuel  v  «<:o»PlUh«d  by  mum  of 

fua.»  to  ..CP,  into  th.T^  "x*  '"I  "d 

fu.l  t<mk  fro-  «c...  P^...un  dJJJ.^Stilir 

«r.  nou  v«nt.d  Into  th.  vAtel.'.  P  r  S  Th.  fu.l  v.por. 

by  h..t  durln.  .u««.r  Z^:::--  ™  overflow  of  liquid  fu.l  caused 


SUMMARY 


«d  r.^ilrTf«l''".:.T"L'i'  r'^"?'  ""action. 
.130  cLrefthe   bl^lc"  „"?Jon  of  thT'r"'!  '""ur.tors.    It  h.s 
to  control  .v.por.t".  wJsSli^!     T^^  "w"" 

of  two  or  oore  problem,  miv  wi,?  .!  ^h.  ^    ^'  *  «"*i»«tlon 
It  is  ImportMt  to  check^L  ?.^  f  Th.r«for.. 
proven    est  pro«du«,  ,^00^;^^°;"^"°"' 

th.  book  ana  do  not'depLr  n  u^lL'^slTT^^'T":- 
long  run.  """^/i  J-c  wj.11  s.ve  time  In  the 

QUESTIONS 

1.  What  are  the  three  fuel  pump  tests? 

2.  Describe  the  basic  procedures  used  to  perform  these  tests, 
what  they  L"-,?*'"  '™  P""*"'-  "suits  and 

to  th.';„SS:e1or'  t.nl. 
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CONSTRUCTION  AND  OPERATING  PRINCIPLES  OF 
CARBURETORS  Afffi  GOVERNORS 


After  completing  this  lait  of  instruction  you  will  bt  able 
CO  explain  the  principles  of  o{>eratioa»  function,  and  relationship 
oi  gasoline  engine  fuel-<-air  system  components « 

INTRODUCTION 

The  purpose  of  a  carburetor  is  to  supply  a  proper  air  fuel 
taixture  for  all  ranges  of  engine  operation.    A  mixture  that  is  too 
rich  may  damage  the  engine  by  thinning  the  oil.    A  lean  mixture 
results  in  loss  of  power  and  possible  engine  damage  through  excessive 
heat. 

INFORMATION 

An  air  fuel  mixture  or  ratio  is  expressed  by  two  numbers  such 
ss  15  CO  1.    The  first  number  refers  to  the  amount  of  air,  the 
second  to  fuel.    Therefore*  a  mixture  6f  15  to  1  means  15  parts 
of  air  to  one  part  of  fuel,  and  the  measure  is  by  weight,    A  mixture 
wlch  more  air  for  the  1  part  of  fuel  (such  as  18  to  1)  would  be 
Leaner  than  15  to  1,  and  a  mixture  with  less  air  (12  to  1)  would 
be  richer  than  15  to  1,    Air  fuel  ratios  have  received  a  lot  of 
accention  recently  in  connection  with  exhaust  emission  controls 
designed  to  reduce  air  pollucion.    The  pollutants  in  automobile 
exhausts  include  many  different      cypes  of  chemicals  that  are  divided 
Inco  chree  basic  chemical  groups*    These  are:    (1)  hydrocarbons 
or  (HC) ,  Che  basic  compounds  of  gasolines,  (2)  carbon  monoxide 
or  (CO)  ,  which  is  a  deadly  gas  resulting  froto  the  burning  of  fuel, 
and  (3)  nitric  oxides  (NOx)  or  lead  compounds.    Much  of  this 
pollution  is  caused  by  incomplete  combustion  of  the  air^fuel  mixture* 
In  order  to  correct  these  problems,  automobile  manufacturers  have, 
and  are  continuing  to    develop  different  systems  to  control  air 
pollution.      The  study  of  these  individual  systems  will  be  accomplished 
later  In   this  course,  however,  one  thing  should  be  noted  now; 
air* fuel  ratios  are  leaner  now  than  they  were  in  previous  years. 
The  reason  for  this  is  that  leaner  mixtures  burn  cleaner  and  thereby 
reduce  pollution.     Some  general  examples  will  illustrate  the  differences 
in  the  air-fuel  ratios  of  newer  versus  older  vehicles  (note  following 
examples).    These  figures  are  general  ranges  only. 

Ranae  of  Operation  Old  A/F  Ratio  New  A/F  Ratios 

Idle  Speed  12.3  to  1  U. 4  to  1  or  leaner 


In  previous  years,  the  test  equipment  used  to  adjust  and  trouble- 
shoot  fual-alr  systems  measured  the  air-fuel  ratio.    This  test 
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^o  peed  Cruising 
Hi  Speed  Cruising 


15  to  1 


13.5  to  1 


14. 4  to    1  or  leane 


16  to  1  or  leaner 


^ujce  3u.    Test  Equipment  for  ^eaauHng  Amounts 
of  liudroacDcton  and  Carbon  Monoacide. 

equipment  did  not  have  the  capability  of  actually  measuring 
the  pollutants  present  In  exhaust  gasses.    Through  increased 
technology  and  stricter  federal  laws,  test  equipment  has  been 
developed  to  directly  measure  the  amount  of  hydrocarbons  and 
carbon  monoxide  present  in  exhaust  gasses.    One  such  tester  is 
illustrated  in  figure  80.    This  type  of  equipment  will  be  necessary 
in  order  to  meet  new  federal  requirements  and  will  replace  A/F 
ratio  gauges  for  the  purposes  of  tune-up  and  troubleshooting 
A/F^systema.    The  federal  laws  in  1968  set  pollution  standards 
at  .75  parts  per  million  for  (275  parts  hydrocarbon  to  1,000,000 
parts  of  exhaust  gas)  hydrocarbons  and  1.5  percent  for  carbon 
monoxide.     In  1970  they  were  changed  to  a  grams  per  mile  basis 
and  li-nited  to  2.2  grams  per  mile  for  hydrocarbons  and  23  grams 
per  mile  for  carbon  monoxide.    The  1975  standards  will  require 
even  more  effective  control  of  HC.  00,  and  will  also  Include  control 
of  .VOx. 

THE  BASIC  FACTS  AND  PRINCIPLES  OF  CARBURETION 
As  a  Matter  of  Fact 

The  carburetor  must  supply  the  engine  with  the  correct  mixture 
ofs  fuel  and  air  to  Insure  good  combustion.    Because  mixture  require- 
aanes  vary  with  temperature,  speed  and  load  on  the  engine,  it 
is  very  difficult  to  provide ' perfect  carburetion  for  all  operatina 
conditions,  figure  81. 


Figure  81,^    Operating^  Conditions  Affect 
Mixture  Requiremente , 


yij:.jre  52.     ■•Hxzure  Requirements  Change 
■jizh  Temperature. 

!-i:XTVRE  ^JEEDS  CHA'JJE  WITH  TEMPERATURE.     Outside  temperature 
as  well  as  engine  operating  temperature  affects  air-fuel  ratio 
requirements.     For  ease  of  starting,  particularly  in  cold  weather, 
a  very  rich  mixture  is  needed.    The  instant  the  engine  starts, 
cne  air-fuel  ratio  requirement  changes.    The  proportion  of  air 
to  fuel  must  be  increased  to  prevent  flooding  and  stalling.  As 
the  engine  warms  up,  fuel  vaporization  improves  and  progressively 
leaner  mixtures  are  called  for,  figure  82. 

mETING  SPEED  AI^D  POWER  REQUIREf€NTS ,    Changes  in  engine 
speed  and  power  output  also  affect  air-fuel  ratio  requirements. 
At  idle  and  during  low-speed,  low-power  operation,  a  lean  mixture 
is  required  to  minimize  exhaust  emissions.    At  medium  speed  and 
part-throttle,  still  leaner  mixtures  must  be  supplied  for  good 
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RICH 
MIXTURE 
NEEDED 


Figure  33.    Speed  ard  Pauer  Affect  i^tixtui^  Heeds 


Figure  84.    If  it  Floue,  it  can  be  Classified 
as  a  Fluid. 

fuel  economy.     For  majtimum  power,  a  rich  mixture  is  needed.  It's 
a  .act  that  the  engine  uses  about  thirty  or  forty  times  as  much 
air  to  produce  maximum  power  as  it  does  when  the  engine  is  IdlinR. 
This  vlll  give  you  some  idea  of  how  versatile  the  carburetor 
oust  be  and  how  difficult  a  Job  it  is  to  provide  the  correct 
air-tuel  ratio  for  all  operating  conditions,  figure  83. 

IF  XT  FLOWS  IT'S  A  FLUID,     The  entire  science  of  carburetlon 
is  concerned  with  the  flow  of  fuel  and  air.    Scientifically  epeakinR. 
both  gasoline  and  air  are  classified  as  fluids  because  thev  can 
be  made  to  move  or  flow.    For  example,  water  is  a  fluid  aid  it 
flows  readily  through  a  garden  hose.    Since  air  can  be  made  to 
flow  through  a  hose,  it  is  aito  a  fluid,  figure  84. 
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REDUCE  ms»iRe 


Figure  86.    A  iHfference  in  Pressure 
Cauces  Fluids  to  Flow. 

WHAT  FLUID  FLCW?    The  flow  of  any  fluid,  either  a  gas^ 

ox  a  liquid,  is  the  direct  result  of  a  difference  in  pressure* 
The  direction  of  flow  is  always  away  from  the  higher  pressure 
and  towards  the  lower  pressure.     It  doesn't  matter  whether  the 
difference  in  pressure  is  created  by  increasing  the  pressure 
at  one  end  or  reducing  the  pressure  at  the  other  end.    In  other 
words,  you  can  move  a  fluids  gas  or  liquid,  by  increasing  pressure 
at  one  end  and  blowing  it  through  a  tube^  or  you  can  make  it  flow 
by  reducing  the  pressure  at  one  end  of  a  tube.  Scientifically 
speaking »  the  "suction**  that  pulls  a  soda  throu^  a  straw  is  actually 
a  lowering  of  the  pressure  at  the  mouth-end  so  that  the  hig^^r 
atniospheric  pressure  acting  on  the  delectable  concoction  can  ptwh 
it  up  the  straw  and  into  the  sipper's  mouth.    In  the  case  of  Either 
a  bean  shooter  or  a  soda  straw,  it's  the  pressure  difference  that 
moves  the  fluid.    N  w,  let's  see  why  it  is  important  to  understand 
this  principle  as  it  applies  to  carburet ion,  figure  85. 


Figure  36.    The  Engine  Is  Also  a 
Vacuum  Pump. 


AN  SSiGINE  IS  ALSO  A  PUMP,    The  engine's  primary  job  is  to 
produce  power,  but  on  the  intake  stroke  it  is  a  very  efficient 

t^^k!  1r  through  the  carburetor,  through 

intake  manifold  and  into  the  cylinder,  as  shown  in « figure  86. 

This  is  a  Matter  of  Principle 

The  venturl  is  one  of  the  most  Important  devices  used  in 
the  carburetor.     It  is  simply  «„  hourglass-shaped  reduction  in 
the  size  of  a  tube  or  passage.    But  let's  see  what  a  venturi 
aoes  to  air  flow  and  how  it  affects  pressure. 


SAME  AMOUNT  THROUGH  ALL  PftRTS  OF  TUBE 


FASTER 

THROUGH] 

VENTURI 


■f  ■f' 


^7UI*C  3'' 


Air  Flajs  Faster  through  the  Venturi, 


IT'S  UVRR-i:  HVRBYl  HURHyj      Since  the  same  amount  of  air 
aows  tnrough  all  parts  of  a  tube,  it  has  to  speed  up  and  flow 
faster  through  the  narrowest  part.    For  example,  if  the  cross- 
sectional  area  of  the  venturi  is  only  half  as  large  as  the  rest 
of  the  tube,  the  air  will  go  twice  as  fast  through  the  venturi. 
as  shovm  in  figure  87. 

SPEED  'JOES  UP  AlW  PRESSURE  GOES  DOWN,    As  the  velocity  of 
the  air  flowing  through  the  venturi  increases,  the  pressure  decreases 
The  velocity  of  the  air  is  greatest  and  the  pressure  is  the  lowest 
at  the  narrowest  section  of  the  venturi.    A  scienti«c,  fluid 
dynamic  explanation  of  why  a  venturi  causes  a  pressure  drop  is 
a  bit  complex.    However,  there  is  e  simple  everyday  example  of 
how  Increasing  the  speed  of  air  flow  results  in  a  reduction  in. 
pressure,  figure  88. 

IXjtr?  lET  THE  VENTURI  ACTION  BUG  m.    Just  about  everyone 
has  used  a  hand-operated  bug  sprayer  at  one  time  or  another. 
And  you  know  that  pumping  air  across  the  no2zle-end  of  the  pickup 
tube  pulls  fluid  out  of  the  tank  and  squirts  it  at  the  plant 
or  the  bugs  thereon.    The. reason  the  fluid  flows  up  the  tube 
is  because  the  pressure  at  the  no«zle-end  of  the  tube  is  lower 
than  the  pressure  at  the  lower  end  of  the  Oabe. 
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PUMP  FASTER   .  MORE  SPRAY 


NOZZLE.  .. 
LOWER  PRESSURE 

/ 

/ 


ATMOSPHERIC 
PRESSURE 


Figure  88.    Fomulaa  Sasplaining 
Venture  Action^ 


7i  r^re  55. 


Increasing  Air  Flex)  LouerB 
the  Preeaure* 


You  also  know  that  pumping  the  bug  sprayer  faster  Increases 
the  amount  of  spray  that  coines  out  of  the  no2zle*end  of  the  tube. 
That*s  because  Increasing  the  speed  of  the^alr  flowing  past  the 
pickup  tube  lowers  the  pressure  at  the  top^of  the  tube  even  more^ 
so  there  Is  still  greater  pressure  difference  between  the  top 
and  the  bottom  of  the  pickup  tube.    In  a  carburetor »  a  venturl.  Is 
used  to  Increase  the  speed  of  the  air  and  lower  the  pressure  at 
the  throat  of  the  venturl*  figure  89. 

THE  FLOAT  AND  LOW-SPEED  SYSTEMS 

The  Float  and  the  Throttle  Valve 

So  far  we  have  covered  the  basic  factors  affecting  art  Internal 
combustion  engine *s  fuel  mixture  requirements*    We  have  aXs^b 
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c«bir*?ol^!  fund*aeut*ls  apply  to  »  sii^U 


'TSS^  mS^'^Oinmi^im-mim  valve:   The  fuel  pump"  takes 
gasoline  from  the  fuel  tank  and  delivers  it  to  the  inlet  of  the 
't!I!  f?^*'^       *  constant  pressure ....  regardless  of  engKle  speed. 
The  float  controls  the  needle  valve,  which  in  turn,  controls  the 
flow  of  gasoline  so  that  the  fuel  in  the  bowl  is  always  maintained 


Controls  the  :jeedle  Valve. 


The  slightest  drop  in  the  level  of  the  fuel  in  the  fuel  bowl 
allows  the  float  to  drop  and  this  opens  the  needle  valve.    As  soon 
as  the  level  of  fuel  in  the  bowl  is  restored,  the  float  closes 
the  needle  valve,  figure  90. 

Under  actual  operating  conditions,  the  float  allows  the  needle 
valve  CO  remain  open  just  far  eiiough  to  meter  the  fuel  flow  and 
maintain  a  ver>-  precise  fuel  level.     It  is  impossible  to  over- 
eniphasize  ciie  importance  of  setting  the  float  carefully  so  that 
the  correct  fuel  level  will  be  maintained  under  all  operatlnjz 
conditions. 


VRFECT  FLCA?  LEVEL  CAUSES  PROBLEMS,     If  the  level  of  the 
fuel  in  the  bowl  is  too  low,  the  air  flowing  through  the  venturi 
will  have  to  lift  the  gasoline  farther.    As  a  result,  fuel  flow 
will  be  reduced  in  proportion  to  air  flow  and  the  nixture  will 
be  too  lean.    This  can  cause  sluggishness  and  similar  performance 
problems . 

If  the  float  level  is  high,  figure  91.  too  ouch  fuel  will 
he  discharged  into  the  air  stream  and  the  mixture  will  be  too 
rich.    This  condition  can  contribute  to  poor  fuel  economy  and 
may  cause  performance  problems.    It  can  also  cause  or  contribute 
to   'hot  starting"  problems.  v 
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Figure  91.    The  Float  Level  Affeote 
the  Air^Fuel  Ratio, 

THE  THJ^TTLE  IS  A  FLOW  VALVE.    The  throttle  valve  controls 
the  amount  of  air-fuel  mixture  entering  thfe  intake  manifold.  It 
is  simply  an  air-flow  control  valve.    However,  the  design  and 
exact  location  of  this  valve  Is  very  Important.    This  vd.ll  become 
evident  when  we  discuss  the  relationship  of  the  throttle  valve 
to  the  idle  and  the  transfer  ports. 

Feeding  the  Engine  at  Low  Speed 

Of  course  there  is  a  lot  more  to  a  modem  carburetor  than 
a  fuel  bowl,  float  system,  throttle  valve,  venturi  and  fuel  discharge 
nozzle.    So  let'o  move  on  to  the  idle  system  and  other  systems 
required  in  a  practical  carburetor  for  a  car  or  truck. 


Figure  92.    Redioed  Preeaure 
at  the  Idle  Fort, 


y-riEN  THE  THROTTLE  VALVE  IS  CLOSED.    At  idle,  air  flow  through 
the  venturi  is  greatly  reduced  by  the  almost  closed  throttle  valve. 
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I  Flcu  at  Closed  Throttle. 


running  at  id!e  1.  dl™ir«T?"11hf"?H,""'''''  '^J^'" 


f£?l.re  Ji.    rT^eZ  fZo,  U  Limited  by  a  HeatHoti'm. 


a«it:s%v":i.'LT thr?iirtjb.f'"Fj.  "r^^r' 
*h"Lu  tube  "^^hi^fH?'  Ab"e 
»d  1.:!    J    ■     I  PMsag.  mk.s  two  quick  rlght-»ngle  turn, 

and  lead,  downward  to  the  Idle  port,  figure  94 
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Figure  95,    Aip  Btemda  Also  Prevent 
Syphoning  of  Fitel, 

THOSE  ANTT^srPHOtV  AIR  BLEEDS.    .Uthough  the  Idle  port  U  loceted 
below  the  level  of  the  fuel  in  the  fuel  bowl,  no  syphoning  action 
cakes  place.    That's  because  one  or  more  air  bleeds  at  the  upper 
end  of  the  idle  passage  serve  as  vents  so  there  can  be  no  syphoning 
of  fuel  from  the  fuel  bowl.    Equally  Important,  tiny  air  bubbles 
enter  the  fuel  stream  through  the  air  bleeds.    Aerating  the  fuel 
before  it  reaches  the  idle  port  helps  the  fuel  mix  more  readily 
and  uniformly  with  the  air  flowing  through  the  carburetor,  figure  95. 


THE  TRA!JSFEE  PORT  ADDS  AIR,  TOO,  ^  At  idle  when  the  throttle 
valve  is  closed,  additional  air  is' bled  into  the  idle  system'fuel 
stream  through  the  transfer  port.    But  we  better  explain  whj^  air 
bleeds  in  through  the  transfer  port  at  closed  throttle  instead  of 
fuel  spilling  out  of  it. 


Figure  96,    The  Trcnefer  Port  Servea~ 
08  an  Air  Bleed, 
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For  all  practlc*!  purposM.       cloicd  throttlt  ch«  prcstura 
itt  th«  cr«jf«  port  la  «t  or  mar  ttwwphorlc  pres.ur..  lUjwover, 


In  through  th«  transftr  port,  alxfti  with  ch«  fuel  and  is  dlschartad 
through  tho  Idlo  port,  figure  96.  ^ 

THE  THANSFSR  FORT  ALSO  SUPPLIES  FVEL,    vmen  the  throttle  valve 
la  opanad  aUg)itly,  tha  tranafar  port  aa  well  as  the  idle  port 
la  exposed  to  manifold  vacuum.    This  causes  fuel  to  flow  from  both 
tha  Idle  and  tha  tranafar  port  to  supply  the  correct  air-fuel 
ratio  for  low-apaad,  off -Idle  operation. 


^igure  97.    Transfer  Port  Exposed  to 
Manifold  Vaauum* 

If  it  were  not  for  the  additional  fuel  supplied  through  the 
g  transfer  port,  tha  off -idle  mixture  would  be  much  too  lean  and 
a  low-speed  flat  spot  would  result.    That's  because  opening  the 
throttle  slightly  allows  more  air  flow  but  there  is  no  corresponding 
increase  in  tha  flow  of  fuel  through  the  idle  port  because  of  the 
metering  restriction  at  the  lower  end  of  the  Idle  tube,  figure  97. 

IDLE  MIXTURE  ADJUSTMENT.    So  far  we  haven't  considered  the 
methods  used  to  adjust  tha  maximum  amount  of  fuel  flowing  from 
the  idle  port.    On  tha  majority  of  carburetors,  the  mixture  adjustment 
is  accomplished  by  a  fuel  metering  needle  valve  in  the  idle  circuit 
near  the  Idle  discharge  port,  figure  98.    Turning  the  screw  clockwise 

flow  to  produce  a  leaner  mixture  and  turning  the 
•craw  countardockwlsa  allowa  more  fuel  to  flow  for  a  richer  mixture. 
TWO-  and  four-barrel  carburetors  have  two  complete  idle  systems 
«nd  two  idle  mixture  screws. 

CARBUHETO^^S  WITH  ADJUSTABLE  AIE  BLEED.    Some  carburetors, 
including  soma  of  our  recent  past  model  two-barrel  and  four-barrel 
carburetors,  have  one  idle  mixture  adjusting  screw  for  the  two 
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Figure  9$.    IdU  Mixture  S<nw 
CantroU  FumI  Flou* 


rary:  J  J-.    Idle  Mixture  Limiter 
Sjr^:\:8  Are  Seated. 

idle  systems.    Carburetors  with  this  arrangement  have  Idle  mixture 
liniter  screws  which  were  adjusted,  flow-tesced  and  then  sealed 
at  the  factory.    This  type  screw  limits  the  maximum  snount  of  fuel 
that  can  be  supplied  at  Idle,  figure  99. 

To  provide  for  Idle  mixture  adjuscmenc  In  service,  carburetors 
with  sealed  Idle  mixture  llmlter  screws  have  an  adjustable  air 
bleed,  figure  100.    Opening  this  screw  lets  more  air  bleed  Into 
the  fuel  In  the  idle  p«s*«gc  to  leaii  out  the  aixture  an<f  eXoeiag 
the  Idle  adjuatlng  outa  down  on  th«  air  to  make  the  mixture  richer. 
On  these  carburetors,  the  idle  mixture  screw  is  an  air  bleed  adjusting 
screw.    Incidentally,  this  adjusting  screw  has  a  left-hand  thread. 
As  a  result,  it  muat  be  turned  counterclockwise  to  increase  the 
richness  of  the  mixture  and  clocloriae  to  make  the  mixture  leaner. 
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Hguxm  ZOO.    Ths  IdU  Mattm  Air  Sormj 
Baa  Uft'Band  Thread, 

In  oth«r  wordi,  th«  dlwction  of  rotation  for  richer  or  Uantr 
mixtures  1»  the  •«me       it  is  for  a  convantlonal  idla  mixtura  screw. 

THE  HIGH-SPEED  AND  STEP-UP  SYSTEMS 

The  idle  and  transfer  ports  supply  the  fuel  needs  for  low- 
speed  power  operation.    However,  a  high-speed  system,  aid  several 
auxiliary  systeas  are  naeded  to  provide  the  richer  mixtures  requirad 
for  sudden  acceleration,  maximum  power  and  cold-engine  starting. 


HguT9  lOU    FuBl  Flw  from  tha  mLn 

The  Htgh-Speed  System 

A«  the  throttle  iM  opened  beyond  the  transfer  port,  air  flow 
through  the  carburetor  increases.    The  increased  speed  of  the 
air  flowing  through  the  venturl  reduces  the  pressure  enou^  to  causa 
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fu«l  to  flow  fxom  th«  main  dl«ch«rg<  nozsl*,  fltur*  lOI.    Ae  this 
point,  th«  pr«fts(ir«  «t  th«  And  of        aaln  ooxsl*  U  lov«r  than 
tb«  prM#ur«  tc  th«  cxraf«r  ipd  idU  ports.    As  a  mult,  ^«t« 
U  no  further  fljpii  of  ftMl  from  thmm^  outUts.  M  *  Mttttr  of 


WgW-iptoia  gyst«m  tonda  to  drlw  th«  fu«i  out  of  th«  idlo  systoa 
P«s sagos . 


Figure  102,    Carburetor  hHth  a 
Secondary  Venturi. 

DOUBLE  AND  TRIPLE  VENTURIS.    As  you  probably  know,  many  carburetors 
carburetors  have  double  and  triple  Venturis.    Where  imiltiple  Venturis 
are  used,  the  speed  of  the  air  flow  increases  as  it  passes  through 
Che  successively  smaller  Venturis.     For  example,  if  a  double  venturi 
is  used,  the  main  discharge  nozzle  extends  into  the  smaller  secondary 
venturi  where  the  pressure  drop  is  greatest,  figure  102. 


Figure  202,    Air  Bteads 
Atomization  of  Fuel. 


mproue 
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ToSE  MAI,y        MEIERS  FU^L  ^ 

4f  th«  Mi.-,  discharge  tuba  ^^^aTTI  ^  lover  end 

speed  ,y,t.»  picks  Sp    "a  f"l*suppi;*1  'S%k"""  ^« 
it  into  t^e  acr,..  of  air  floilnrtil^ougrt^e'v.";^:,^" 

13  co::»"fa'«L':'.:'';r"v"i:i^^%»L::  ^"-^^ 

the  main  well.    Holes  or  Mrfo«t?on,  Jit  ?k"  "P""" 

allow  air  to  aix  with  th.1u.r"o^L  1^^'  ^'k  <'^""«««  tube 

air  into  the  fuel  stre«.  halpa  braS  So  th!  I  Introducing 

Improved  atool^atton  just  aa  it  7  ^.        '"^^         "suits  In 

system  air  bleeds.  "  ^"  of  the  idle 

any  discussion  of  the  LTT^l  ^e«  beL"'  ^^VO^^^J  avoided; 

vent  details  to  complicate  our  iT?    .  """"'t  ""nt  the 

passages.     The  fuel  bowl  la  exteL^?,      "™        '""^  ""i-^ 
the  throttle  is  fully  closed     ?^r  ouL™""^  «  ""en 

i=  to  relieve  any  vapor  prewure^ich"^  «nt 
bowl  as  a  result  of  Lertood  "g^e  f^fi"""  '"^^ 

positions,  the  fuel  bowl  Is  IntemaUv  v.\  f         off-Idle  throttle 
tube,  figure  104.  eternally  vented  through  the  balance 


The  Fuel  3a.-l  -ias  or, 
'r.Umai  Vint  Sueten. 

Of  ^h^^*  cube  extends  from  the  fuel  bowl  to  th. 

of  th«  carburetor  «lr  horn.    As  a  result    thrr.       '^^^  "PP«r  part 

which  Simply  aean.  chat  the  pressure  act ^nf    ^''^^^"^  balanced 

bowl  is  the  same  aa  the  pressure  in%ht    ?*  k"         ^"^^  ^" 

tube  automatically  compenlat!*  fn^  «       f^^^»^om.    The  balance 


DIRTY  AIR  CLEANER... 
MIXTURE  TOO  mCH 


Figure  IQS.    The  Balance  Tube  Eliminatea 
Choke  Effect, 

The  Steo-Up  and  Power  Systems 

A  simple  high-speed  system  supplying  a  constant  air-fuel  ratio 
would  be  suitable  for  stationary  engine  application  where  speed 
ind  load  are  also  constant.    However,  a  fixed  mixture  ratio  will 
not  satisfy  passenger  car  or  truck  requirements  because  both  speed 

and  load  vary  a  great  deal.  ^ 

i 

AZF-FUEL  RATIO  EXTREMES.    To  psrovide  maximum  power  the  high- 
speed system  must  feed  the  engine  a  mixture  chat  Is  about  13  pounds 
of  air  CO  one  pound  of  gasoline'.     For  maxlnum  part  throttle  economy 
and  nvininwrn  exhaust  emissions,  the  mixture  ratio  must  be  about 
17  pounds  of  air  to  one  pound  of  gasoline.    Incidentally,  air- 
fuel  mixture  ratios  are  normally  expressed  by  weight... not  by  volume. 


Figure  106,    Simple  High-Speed  System, 
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/'^        ^/i?  Wri7ri/i?I  mTSOL  IHE  ^TIO.    In  th.  basic  high- 

^li^^^^!:?!^^^^^^^  ia  a  fii.  ..."ii  

^r^.J^i  alr-fuaX  ratio.    To  produca  a  variable  air-fuel  ratio 
SrJhr!5?f  ?f  changing  aithar  tha  affactlva  aiza  of  tha  vanturl 
or  J^J.!  ^"  ^^'^       provided.    In  actual 

ZTl  fT^  T  '^f/*^^*^  ~'*^<xl»  to  vary  th.  anount  of 

fuel  flow  dapanding  on  angina  operating  conditions  and  requirements. 


^guve  107.^    >!etering  Bed  Provided 
Variable  ^fixture  Ratio. 

A  }^?IRZ::j  rod  provides  a  variable  ratio.    Om  way  CO  provide 
a  variable  air-fuel  ratio  is  to  use  a  ottering  rod.    Where  this 
method  is  used    the  main  Jet  is  big  enough  to  provide  the  richest 
mix  ure  required  for  full  engine  power.     Leaner  mixtures  are  obtained 
by  inserting  a  metering  rod  into  the  jet  opening  to  restrict  fuel 
flow,  figure  107. 

Since  engine  vacuum  changes  with  air-fuel  mixture  requirements 
a  vacuum  piston  or  a  vacuum  diaphragm  can  be  used  to  control  the  ' 
metering  rod.     Under  constant  speed  and  load  conditions  manifold 
vacuum  is  high  and  i»  lean  mixture  is  desirable  for  maximum  economy 
and  mlninium  exhaust  emissions.    In  carburetors  equipped  with  a  spring- 
loaded  piston  and  metering  rod.  high  manifold  vacuum  pulls  the 
piston  dovnwcrd  so  that  the  lower  end  of  the  rod  extends  into  the 
jet.    This  reduces  fuel  flow  through  the  jet  to  provide  the  required 
lean  ax r- fuel  ratio, 

RICHER  MIXTURE  FOR  FULL  POWER.    When  che  throttle  is  wide  open 
for  maxlOTim  acceleration  or  for  climbing  a  steep  grade,  manifold  * 
vacuum  drops  and  the  spring  pushes  the  vacuum  piston  upward.  This 
lifts  the  metering  rod  out  of  the  Jet  to  allow  more  fuel  flow  and 
provide  the  richer  mixture  needed  for  full  engine  power,  figure  108 
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Fijujre  109.    A  T^o-Step  Metering  Hod  System. 

r>^0-3TEP  f-IETERIUG  HODS,    Some  carburetors  have  a  two-step  metering 
rod.    When  the  large  diameter  extends  into  the  Jet,  the  high-speed 
circuit  delivers  a  lean  mixture.    When  engine  vacuum  drops,  the 
piston  lifts  the  rod  so  that  the  smaller  diameter  is  in  the  jet. 
This  provides  a  richer  mixture  for  maximum  power,  figure  109. 

AA'D  THREE-STEP  METERING  RODS.    Some  carburetors  have  a  three- 
step  metering  rod  with  a  large  upper  diaineter  for  lean  economy  mixture, 
a  tapered  center  section  provides  a  moderately  lean  tranaitlonal 
mixture  ratio.    A  smaller  diameter  at  the  lower  end  provides  the 
richer,  maxlmim  power,  «lr-£uel  ratio,  figure  110. 

SOME  CARBURETORS  HAVE  A  POWER  JET.    Another  way  to  provide 
a  variable  air-fuel  ratio  is  to  use  a  power  jet.    This  is  in  addition 
to  the  main  jet.    The  opening  and  closing  of  the  power  jet  can  be 
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A  Tr.ree~St€v  Meteirina  Fed. 
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III 


The  Power  Jet  Ts  an  AuxHian/  Jet, 


v3r.s:ro..ed  by  either  a  vacuum  piston  or  by  a  vacuum  diaphragm.  If 
a  vacuum  piston  is  used,  the  setup  is  similar  to  that  of  a  vacuum 
p.ston  controlled  metering  rod.    If  a  vacuum  diaphragm  is  used, 
TllXVr  l  "rangement  is  quite  different  so  we  will  explain  and 
Illustrate  the  operation  of  a  vacuum  diaphragm  controlled  power 

VACUUM  CLOSES  THE  POyEB  VALVE.    The  power  valve  is  connected 
to  a  spring-loaded  vacuum  diaphragm.    Under  light-load  operating 
conditions,  high  manifold  vacuum  moves  the  diaphragm  against  spring 
pressure  to  close  the  power  valve,  cutting  off  florth^ough  the 
power  jet,  figure  111.  »  « 

.    SPRING  PRESSURE  OPENS  THE  POWER  VALVE.    When  the  throttle 
is  opened  and  manifold  vacuum  drops,  the  power  valve  is  opened  by 
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Figure  112\    Fuel  FUms  Through  Pojer 
and  Main  JeUt, 

Auxiliary  Systems  and  Controls 

In  addition  to  the  Idle,  high-speed,  step-up  and  power  systems, 
several  auxiliary  systems  and  controls  are  required  In  a  practical 
modem  carburetor  for  car  or  truck. 


Figure  223.    The  hecciKe':*  Liquid 
Fuel  Lags  Behind, 


mEi]  THE  ACCELERATOR  IS  FLOORS  CARDED ,    When  the  throttle  is 
opened  suddenly  for  rapid  acceleration,  a  rich  mixture  is  called 
for.     However,  under  this  condition,  air  flow  Increases  faster  than 
fuel  flow.    Although  the       p-up  metering  system  or  power  valve 
is  open,  the  mixture  tends  to  lean  out.    This  would  cause  a  momentary 

77 


——■rrrz'^". 


•*  1-1'.?,  itite'.';.  -tisaiTiy-yAij  ^.^?a:.;v.  -sj-i.  -.i:.  ■;■  ■■  ■ .  


Th«t*«  because  the  air  in  light  md  It  speeds  up  easily 
U4«t4  slwly  spd  behind  


i='ic;urc  Ji4.    A  Squirt  of  Fuel  From 
the  Accelerator  Pwnp, 

A  SQUIRT  OF  FVEL  DOES  THE  TRICK.    When  the  throttle  Is  suddenly 
opened,  the  accelerator  pump  delivers  an  extra  squirt  of  fuel  to 
enrich  the  air- fuel  mixture  and  prevent  the  momentary  stumble  that 
might  otherwise  occur.    Operation  of  the  accelerator  pump  system 
is  quite  simple.    When  the  throttle  is  opened,  the  throttle  linkage 
releases  the  accelerator  pump  rod  and  the  pump  plunger  is  forced 
downward  by  the  accelerator  pump  spring.    The  plunger  pushed  fuel 
out  through  the  eccelerator  pump  nozzle  and  into  the  stream  of 
air  flowing  through  the  carburetor,  figure  114. 


SPRINO  PROVIDES 
SUSTAINED  PLOW 


.7- 


Figure  116.    Tha  Pump  Plunger  la 
Spring  Actuated, 
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THE  SPRISG  MAKSS        SQtfIRT  COHSJSTENT.    Spring  actuation  of 
the  accelerator  pump  plvinger  Inauraa  an  even,  suatalnad  flow  of 
fuel,  figure  115.    If  the  plunger  were  operated  directly  by  the 
throttle  linkage,  the  rate  and  the  duration  of  the  fuel  discharge 
would  vary*  depending  on  tow  fipt  1^  throttle  ^«  opittiiad*  The 


enough  extra  fuel  to  enrich  the^xture  until  flow  through  the 
step-up  system  catches  up  with  air  flow. 


/ 


Figure  116.    Releasing  the  Accelerator 
Re f tile  the  Pwrp  Veil. 

THE  ACCELERATOR  PUMP  REFILL  STROKE.    When  the  throttle  is 
released,  the  accelerator  pump  arm  lifts  the  plunger  upward  com- 
pressing the  pump  spring.     So,  the  plunger  is  again  positioned 
for  instant,  action.    Upward  movement  of  the  plunger  opens  the 
lower  check:  valve  allowing  fuel  to  flow  into  the  pump  well.  At 
the  same  time,  the  upper  or  discharge  check  valves  closes  to  prevent 
air  from  entering  the  well  on  the  refill  stroke,  figure  116 ♦ 


( 


RICH  MIXTURe 
FOR  STARTINa 


Figure  117.      The  Chdke  Valve  Restricts 
Air  Flati)! 
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<M»..f  '^""^^  ^^"'^  '^°>^-  the  choke  valv.  1, 


eh.  tr.n.£.r  port  «,d  th.  IdirporT.  7,  .  rMuTt^ 

Sx^rf  P"^l-te»  th«  .xtr«.ly  rich 

olxtur.  nMd«d  CO  sc.rt  a  cold  «>gln«,  figure  117. 


ftju/>e  i,-e:i-Tuse  :hoke  Valve  Cmtpol. 


^llT.yT    \       "^^^  '^'^  temperature.    When  the 

up    i«hcer  r ^  then^statU  sprang  coils 

valve  Lto    1  "^r'        "p^^'^'^'      ^^^^  ^^^^^ 

3arl\n    thf  ^h.'i^'^f  position.    As  the  manifold  and  the  choke 
warm  up,  c.e  thermostatic  coil  relaxes  and  this  allows  the  choke 
valve  to  open,  figure  118.  °  ® 


control 


o?'  ''^^Tn'^'f  ^i^P^'^^gf       ^  important  secondary  choke 

as  sol\.  rl  y""^^'  °P^"  *  P"<=ise  amount 

as  soon  as  the  engine  Is  started.    Opening  the  choL  qH^hm,,  J 

»  ov.r-rlch  »l«ure  whloh  „ould  causae  the*  et^l^e  load*^ip''3„^r'''"" 

IS  in'LTf'^  ^'  'he  Choke  valve 

.  J     :       '■"Portant  secondary  choke  control  device.  Since 

elterJnf  th^l'  re.pect  to  the  ch<*.  ™lv^?  Lr 

entering  the  carburetor  opana  the  choke  valve  when  the  engine 
starts  and  air  flow  through  the  air  horn  Increases,  flgurf  l^. 

H„k,;T  FAST.IDLE  CAM.    T^e  automatic  choke 

'Jk"  PO-itloo.    The  fast-Idle  screw 

IdJe  position.    This  puts  the  throttle  In  the  correct  position 

^nn?^i''"':K?'"i'?*       •  he^P™«.P  the  engine 

running  smoothly  while  it  Is  warming  up,  figure  120. 
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y-j:^  120.    The  Choke  Paaitions 
the  Faat'Idle  Cam. 

A  WOBD  ASa'T  BXTEUNAL  LINKAGES.    It  is  most  important  to  under- 
stand Che  design  of  the  external  linkages  connected  to  the  vacuum 
choke  diaphragmt  the  fast-idle  cam,  bowl  vent,  accelerator  pump, 
choke  un loader  and  the  wall-type  choke.    These  external  links  are 
purposely  bent  and  shaped  to  produce  precis*  movenent  of  the  levers 
and  parts  to  v^ich  they  are  connected  without  interfering  or  touching 
othar  carburetor  parts  or  links. 

A  certain  a&ount  of  looseness  is  designed  into  each  linkage. 
This  working  clearance,  particularly  ac  Che  connecting  ends  of 
each  link,  ninimizas  the  possibility  of  sticking  or  Janning  in 
operation.    Clearance  at  the  point  of  connection  reduces  binding 
or  sticking  caused  by  dirt  or  gum  accumulation. 
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corrtct  Uak«s«  op«raclon 


rt  with 


A     ??  •  carburetor,  it  is  sonctines  neceasary  to 

b«nd  •  link  in  ord«r  to  obc«in  th«  corr«ct  cMt  opening,  fast- 
idU  cam  position,  choW  vacuua-klck,  etc.    Each  link  hai  a  curve, 
e  bend  or  a  loop  that  was  specifically  desiyied  into  the  rod  for 
Che  purpose  of  providing  an  adjusting  or  "bending  point." 


^2. 


Injure  121.    iKcveasing  or  Deareaeing 
'.' lauun  Ki^k  Opening. 

When  you  adjust  any  carburetor  linkage,  bend  the  link  only 
In  the  place  specified  in  your  Service  Manuals.    For  example, 
when  adjusting  the  vacuum  kick,  the  only  correct  place  to  bend 
the  link  is  at  the  U-shaped  loop  provided  in  the  choke  dlaphrajsn 
link,  figure  121.  ^  *^ 

HEAT  CONTROLS 

When  an  engine  is  first  started,  the  cold  metal  of  the  intake 
manifold  causes  part  of  the  air-fuel  mixture  to  condense  into 
a  liquid  on  the  way  into  the  engine's  combustion  chambers.    To  prevent 
this,  a  heat  control  valve  or  heat  riser  Is  used.    This  valve 
is  merely  a  butterfly  valve  placed  in  the  exhaust  manifold  and 
controlled  by  a  bi-nataX  spring.    Whan  tha  angina  1*  cold  tha 
spring  closes  tha  butterfly  valve  and  causes  exhaust  gasses  to 
ba  circulated  through  a  speclaa  passage  in  the  Ihtaka  manifold. 
Thus  the  intake  manifold  is  heated  and  fuel  viporlzatlon  is  Improved. 
As  the  engine  warms  up,  the  heat  causes  the  bi-metal  spring  to 
relax  and  exhaust  gasses  are  no  longer  circulated  through  the 
intake  manifold,  figures  X22  and  123.    This  valve  is  mounted  off 
canter  on  its  shaft  so  that  even  when  in  a  closed  position  exhaust 
gasses  can  temporarily  force  it  open  if  the  engine  spaad  is  Increased, 
care  nwst  be  taken  when  installing  a  new  valve.    If  it  is  put 
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'jiizv  222,    Intdce  Manifold  and  Figure  123.    Intake  Manifold  and 

neat  Riser.  neat  Riser. 

in  the  wrong  way  exhaust  gaases  will  force  it  closed  instead  of 
opening  it.    If  this  valve  gees  stuck  open,  poor  fuel  vaporization 
will  result.    If  it  gets  stuck  closed,  it  will  cause  and  excessive 
heat  build  up  that  can  damage  the  engina. 

AIR  CLEANERS 

An  air  cleaner  filters  the  air  entering  the  engine,  acts  as 
a  flame  arrester  in  case  of  engine  backfire,  and  silences  the 
noise  of  air  entering  the  engine.    Most  vehicles  today  use  an  air 
cleaner  with  a  disposable  paper  clement.    The  element  should  be 
replaced  at  the  manufacturer's  specified  interval  or  sooner  if 
the  vehicle  is  operated  in  a  dusty  area.    Care  should  be  taken 
when  Installing  the^  air  cleaner.    Make  sure  the  wing  nut  that 
nolds  it  on  the  carburetor  is  not  put  on  too  tight,  as  this  may 
cause  the  top  of  the  carburetor  to  warp. 

GOVERNORS 

Governors  are  used  on  automotive  engines  to  control  maximum 
engine  speed  and  prevent  excessive  wear.    If  engine  speed  is  not 
Wtrolled,  it  is  possible  for  the  speed  of  rotation  to  break  the 
crankshaft  and  cause  the  engine  to  fly  to  pieces.    There  ar«  four 
basic  types  of  governors:    (I)  centrifugal,  (2)  vacuum  velocity, 
(3)  vacuum  (also  called  centifugal  vacuum),  and  (4)  velocity. 

Centrifugal  Governors 

The  centrifugal  governor  consists  of  two  weighted  arms  attached 
to  a  spindle.    The  spindle  is  connected  by  linkage  to  a  throttle 
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'is^iiTC  ir^.    rhj>ottZ^  Valve  Open. 


Figure  126.    Throttle  Valve  Clcaed  by 
Governor  Aation. 
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valve.    Th«  drive  shaft,  driven  from  the  camshaft  or  accessory  drive 
of  the  engine,  drives  the  spindle,  figures  124  and  125.    Any  action 
on  the  weighted  arms  will  affect  the  passage  of  the  air- fuel  mixture 
from  the  carburetor  to  the  engine  cylinders.    As  the  engine  operates 
and  the  spindle  rotates,  the  weights  will  tend  to  fly  out,  but 
they  will  be  held  In  place  by  the  spring  and  the.  throttle  valve 
will  remain  open.    As  engine  speed  Increases,  the  weights  id.ll 
overcome  the  spring  and  close  the  throttle  valve,  figure  125. 
A  screw  at  the  end  of  the  spring  serves  as  the  adjusting  screw. 

Velocity  Governors 

Velocity  governors  are  mounted  between  the  carburetor  and 
the  intake  manifold.    They  contain  a  butterfly  valve  mounted  off 
center  on  a  shaft.    The  shaft  also  has  a  spring  connected  that 
holds  the  butterfly  valve  open.    As  air  rushes  into  the  engine 
cylinders  it  tends  to  push  the  butterfly  valve  closed  against  spring 
tanslon.    Aa  engine  speed  incredscs  and  more  air  rushes  past  this 
butterfly  valve  the  spring  tension  Is  overcome  aid  the  valve  closes 
to  resttlct  the  volume  of  air-fuel  mixture  going  to  the  engine, 
and  reduces  engine  speed.    An  adjusting  screw  is  provided  to  change 
spring  tension  for  various  governor  settings,  figure  126. 

Vacuum  Velocity 

This  type  of  governor  mounts  and  operates  in  the  same  manner 
w  the  velocity  governor  except  that  it  has  a  vacuum  piston  in 
addition  to  the  butterfly  valve  and  spring.    The  vacuum  piston 
la  subject  to  intake  manifold  vacuim  and  keeps  the  butterfly  valve 
from  fluttering,  figure  127. 
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Figure  126,    Velocity  Governor, 


jAOJUSTINd  iCItW 
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Figure  12?,    Velocity  (Vaauum)  Governor* 
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uses  a  cencififugal  setup  co  control  the  mount  of  vacuum  metered, 
figure  127.  to  a  vacu^ra  diaphr^  on  the  carburetor.    This  vacuum 
•diaphram  in  turn  limits  ^the  maxiaum  throttle  .opening  to  control 
engine  speed. 


SUMMARY 


This  chapter  has  covered  the  basic  construction  and  operating 
principles  of  carburetors  and  governor's.  One  of  the  most  important 
aspects  of  carburetion  is  the  c  Ision  of  the  carburetor  into  circuits 
or  systems  that  are  used  to  enabxe  tjhe  engin%  to  perfona  a  specific 
.  operating  function.  When  carburetor  probleoa  occur,  thi*  knowledge 
can  then  be  used  to  determine  what  circuit  or  circuits  are  at  fad-It 
and  what  extent  of  repair  will  be  necessary. 

QUESTIONS 

1.  How  is  a  pressure  differential  used  to  move  fluids? 

2.  Explain  the  principle  of  a  venturi. 

3.  Explain  what  happens  in  a  carburetor  while  if  is  changing 
from  the  low  speed  circuit  to  the  high  speed  or  main  circuit. 

^.    What  Is  the  purpose  of  the  car^uretor  balance  tubf? 

5.  What  carburetor  circuits  operate  when  the  accelerator 
pedal  is  suddenly  depressed? 

6.  During  what  range  of  engine  operation  is  the  power  valve 
open?  , 

* 

7.  Why  is  an  air  bleed  necessary  in  the  idle  circuit?  In 
the  main  circuit? 

8*  -What  is  the  purpose  of  a  governor? 

9,    What  types  of  governors,  were  discussed? 

10.    For  each  of  the  following  ranges  of  engine  operation, 
list  the  corresponding  carburetor  circuit  or  circuits  that  would 
be  operating: 

  r 

a.  Sitting  at  a  stop  light. 

b.  Starting  a  cold  engine. 

c.  Going  up  a  steep  hill  with  a  heavy  load. 

d.  Cruising  on  the  highway  at  a  steady  60  mph. 

e.  Suddenly  increasing  the  throttle  opening. 
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OBJECTIVES    *      - — 

u^m-^   \  *  J  * 

At  the  conclusion,  of  this  lesson  you  wHl  be  able  to  repair^ 
service,  and  adjust  carburetors  and  governors  to  manufacturer's' 

specifications. 

* 

INTRODUCTION 

So  far,  the  study  of  carburetlon  has  been  United  to  a  discussion 
of  how  carburetors  operate.    The  next  step  is  to  explore  the  vay  ^- 
they  are  rep^aired.    Due  to  the  manf  makes  of  carburetors  and  thelr^ 
slmllarltias,  a  complete  study  of  all  of  thca  would  be  extremely 
time  consuming  ^nd  qf  academic  value  only.    Therefore,  the  follbwing 
paragraphs  will  accomplish  two  things:     (1)  quickly  review  the 
areas  that  sust  b*  checked  out  before  a  carburetor  is  condemned, 
and  (2)  give  a  specific  overhaul  example  on  one  type  and  make 
of  carburetor. 

INFORMATION 


Before  a  carburetor  is  condemned  and  removed  for  overhaul, 
there  are  a  number  of  things  that  should  be  tested  since  they 
affect  the  operation  of  the  carburetor. 

Think  of  an  engine  in  terms  of  three  operating  areas:    (1)  com- 
pression (mechanical),  (2)  ignition  (electrical),  and  (3)  fuel 
system.    The  first  action  to  take  is  a  thorough  test  of  the  areas 
of  compression  and  ignition.    It  is  only  after  these  areas  have 
been  pronounced  satisfactory  that  the  fuel  systexa  is  dealt  with.^ 

If  the  fuel  system  is  definitely  at  fault,  then  one  more  series 
of  checks  must  be  made  before  the  carburetor  can  be  condemned.  Check 
and  test  as  necessary  the  components  of  the  fuel  supply  system. 
Tl^is  would  include  such  items  as:    (1)  fuel  tank  and  fuel  level, 
(2)  heat  control  valve,  (3)  throttle  linkage,  (4)  fuel  lines  and 
filter  (3)  air  cleaner  and  (6)  intake  manifold  leaks.    If  no  mal- 
functions ai'e  found  in  these  areas,  then  move  on  to  the  carburetor. 
Remember  to  try  and  identify  the  carburetor  malfunction  in  terms 
of  the  carburetor's  circuits  as  they  apply  to  various  ranges  of 
engine  operation.    By  troubleshooting  in  thi^  manner  a  complete 
carburetor  overhaul  may  be  avoided  if  the  problem  turns  out  to 
be  an  isolated  defective  part  aucb  m  a  bad  accelerator  ptiaq>.' 

CARBURETOR  REPAIR 

Disassanbly  i 

Since  most  carburetors  disassemble  in  a  similar  manner,  a  specific 
disassembly  procedure  for  any  one  type  of  carburetor  is  unnecessary 
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Figure  233, 
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•  Figure  142. 

* 

«t  this  tiae     A  carburetor  consists  of  three  main  asseablles: 
A{  J  °^        carburetor,  also  called  bowl  cover). 

L^^hT'  "y  ii'^kage  between  the  three  main  asB«nJues! 

lliT/  IT'"'        '"."^^  the  asseiAlles  together,  and 

'     ^Iccordi^       "P*jatin8  the  three  «a in  sections.  dls«sei*ie  each  one 
V   ?u  *  to  manufacturers  procedures.    Figures  128  thru  136  illustrate 

^  ul    lir'^l^'lll  •  TfirV        ^^"^  carburetor)  FiglTres"' 

if  *  .    '        '^^        ^""8*^  Identification 

of  the  various  operating  parts  and  the  fuel  and  vacuum  passage-*,, 

Cleaning  and  Inspection 

^  Thoroughly  aean  the  metal  castings  of  the  carburetor  in  sn  , 
api>roved  solvent  and  then  blow  all  passages  in  the  castings  with  ^ 
compressed  air  until  they  are  dry.    DO  NOT  put  any  plasSf  orJubbe> 
parts,  or  gaskets  in  the  carburetor  cleiner.    DO  NOT  pass  drills 
or  wires^ through  calibrated  Jets  or  passages  as  they  may  enlarge 
the  orifices  and  seriously  affect  carburetor  calibration. 

Check  all  parts  for  wear.    If  wear  is  noted,  defective  parts 
>  ''^^^  MP«claUy  the  following  nine  lte«: 

vl>  checl^  float;  needle  and  seat  for  wear.    If  wear  la  noted,  reolace 
the  «s«bly.  (2)  check  float  lip  for  w,ar  and  fioat  fS?  Sit" 
-^^^^     1^^^  for^gaaolln.  1^  by  ahaklag,  (3)  ehack  throttle  . 

md  choke  ahaft  bdt««  in  throttle  body  «td  covar  eaatltfas  for 
wtar  or  out  of  round.  (4)  inapect  Idle  adjuatlng  needle  for  hurts 
mu'^'    Such  a  condltlott  requires  t«place««it,  (5)  Inapect  fast 

Jl?  f^l*;  iU!*^,'^*''  ^'^°»  tha  w«r»-up  period. 

f*'**'^*  puai^  plunger  leather.    Raplace  plunger  if  cup  irdSagS 
(7)  inspect  power  piston  «id  spring  for  burrs  or  distortion.  Tplace 
.     If  necessary,  (8)  check  all  filter  screens  f.or  dirt  or  Unt.  Clean 
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if  theyare  41.t'art«d  or  piuu-d  r«pl«:«  with  ntv  ptrtt,  wd 
(9)  ^p«t  c^ft  Mating,  ir  my  p«t*  1«  c^.tag.'^^e  loS« 
ar  amg«d,  oluut  Msnbiy  oust  b«  r*pl«c«d. 


th«  thr««  main  subaasrabliaa  wcording  to  th«  a»nttf«ctuz«r*s  pro- 
c.dur..  «id  «ako  tha  fco«.ndtd  adjuatuwit;..  than  put  Iub««»blit. 
cogathar  and  connect  tha  axttmal  linkag*.    Tha  carburator  U  ^ 
rjady  to  tnatall  on  tha  angina  b^fora  »Slng  tha  flnS^aSlunaiSt 

wl^J-aa'^Jar^flitr/'-J'""'"^  -k.  rH^Sr  * 

c*rLr!!i;  'k  ;  accurata.    AI.0  whan  aaaaabling  a 

I?  •       ''?f'^"^  ^^^"^  l'"***  that  hold 

It  together  as  this  will  cause  yariou.  parts  of  tha  carburator 
to  warp...  V     .\  w-«.ww»»fcwir 


Figure  142, 


CARBURETOR  ADJUSTMENTS 


Float  Level  Adjustment 


With  tha  air  horn  held  upside  down  and  the  gasket  in  place 
and  needle  valve  seated,  there  should  be  5/8"  +  l/ie"'  clearance 
between  tha  lower  edge  of  tha  float  seam  (sharp  edge)  at  the  toe 
end  of  the  air  horn  gasket,  figure  1A2.    To  adjust,  bend  float 
arm  at  tha  rear  of  tha  float. 

Float  Drop  Adjustment 

with  tba  «4r  horn  right  side  up  so  that  tha  float  caiKhfng 
free,  the  distance  frof  the  gasket  surface  to  tha  lowest  poH^ 
of  the  float  ahould  be  a  aaxiaua  of  1  3/4"  and  c«n  be  swastsred 
using  tha  float  gauge,  figure  143.    To  sdjust.  band  tang  at  rear 
of  float  towards  tha  naadXa  seat  to  decrease  ^loat  drop  and  away 
from  the  needle  seat  to  incraaae  float  drop. 
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Figure  142,    Float  Occuge. 


Figure  lU*   Mr^t^mtr^ihimHnff  Mnff, 


*  Accelerator  Pimp  Adjustment 


PUc«  tlU  spedml  gauge  on  top  of  th«  air  daaaar  aountlng 
ring  a«  ahcAm  in  flfura  144.    Than  with  chrottla  valvaa  fuXIy 
doaad,  tha  top  tur£ac#  of  chu  pia^  rod  ahould  juat  touch  tha 
aed  of  tha  gauga.    Maaauranent  ahould  b«  1  21jf^64"  +  1/32".  Band 
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ciia  pua^  rod  to  adjust. 


Figure  146,    Foot  Idle  Levep, 


Figure  146.    Fast  Idle  Cm. 

Choke  Rod  Adjustment 

with  the  thermos t AC  ccrver  set  at  lnd«x  and  the  choke  trip 
lever- In  contact  with  the  fast  Idle  lever,  figure  145*  locate  the 
£ajt'ldle  screw  on  the  second  step  of  the  fast  Idle  csiu,  next 
to  the  shoulder  of  the  high  ptep,  figure  146.-  Flnelly,  bend  the 
^    tsng  on  the  faet  Idle  lever  i«i.,that  thp  wamXl  «id  of  a  .080'*  wire 
gauge  or  4rlll»  ^uac  fits  between  the  lim#r  elde  of  the  air  horn 
and  the' upper  edge  cf  the  chok^  valve figure  147. 

Idle  Vent  Adjustment 

Nqjte;    Pusp  rod  setting  nust  always  be  made  before  making 
the  idle  vent  adjustment. 
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Hgure  U?,    Chcks  Valve, 


Figur4>  148,    AiT  CUahei*  Hn;g. 

n«»m  Idlt.  vent  valve  Just  closed,  b«n\J  r.he  tang,  on  the 

pump  lever  as  necessary  to  obtain  a  dimension  of  1  H/s!"  Tl/eV' 
ba^.«.  top  of  ,H«p  rod  ««1  top  of  the  *lr  cleaner  ring.  ^r.  W8. 

carburetors  will  have 
•dju.t«e««t.-H:o  be  performed.    They  may  not  always  b«  In 

SSuiLS' JTi^'^'^^r  <»i«c«.«ed,  V  there  ^aySj  i  f ew 

^"if^!^  •djustaenta  to  be  j,erfotwid.    In  any  case,  ^always  £oU«. 

oMratf«'J^*hf"?"';'r  J**!  in^ailed  on  the  vehicle  it's 
operation  can  be  checked  with  an  alr-fuel  ratio  gauge,  a  chassis 
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dyn«noMt«r,  or  th«  ntw  •xhaust  •miiaion  control  ddvlces.,  Th«ae 
lt«aa  will  b«  cpv«rtd  in  th&  i>«rfotiiMiic«  part  of  thla  Usson. 

GOVERNORS 


uhs«rvic«bl«  th«y  m  rttpl«c«d  with  a  n«w  unit. 


Tha  f«v  governors  chat  are  repalrablt  vary  ao  greatly  In  design 
characteristics  chat  a  detailed  discussion  of  their  repair  would 
be  impractical.    Therefore  a  sechanic  suae  refer  to  the  applicable 
manufacturer's  manuals  for  repair  procedures.    Governor  adjustaents 
fflUBt  be  handled  in  the  saae  manner  as  their  repair.    It  should 
be  reaeobered  that  all  governors  are  sealed  to  prevent  tampering. . 
Breaking  of  the  seals  nist  be  done  by  authorized  personnel  only. 

SUMMARY  . 

This  chapter  has  been  concerned  witfr  the  repair  of  carburetors 
and  governors.    The  one  aoat  important  thing  to  remember  la 
not  to  assume  the  carburetor  is  the  cauae  of  an  engine  malfunction 
until  the  areas  of  compression,  ignition,  and  all  areas  of  the 
fuel  supply  system  have  been  tested  and  found  to  be  satisfactory. 
Rementoer;  use  the  procedures  and  adjustments  as  listed  in  the 
appropriate  manufacturer's  manual. 

QUESTIONS 

1.  How  is  a  float  tested  for  leaks? 

2.  What  two  adjustments  are  made  on  a  float  and  why? 

3.  Explain  the  normal  testing  order  used  to  locate  an 
engine  malfunction. 

4.  Why  should  the  testing  order  referred  to  in  question 
3  be  used? 

5.  Describe  the  cleanlns  procedures  used  in  carburetro 
repairs. 

6.  Should  carburetor  passages  be  cleaned  with  a  wire? 

7.  What  carburetor  parts  must  not  be  put  In  rf* carburetor 
cleaning  solution? 
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EHGlilE  OISASSIMBLY  A|f0  IXASSfiaLY 


Upon  coapl«frloA  of  chit  workshMt,  you  iriU  b«  abU  to  4lM»Mabl«, 
perform  p«rt»  Inopccclon  and  ••rylcidg  and  roMsoablo  englno  using  spftciAl 
tools  and  oquipaont.  ' 


EQUIPMENT 


Engina  asaaably 
Mechanics  toolkit 
Maaauriag  toola  and  davicaa 
Spring  taatara 


Baaia  of  Isaua 
1/2  atudanta 
1/studant 
1/acudant 
1/6  atudents 


PROCEDURE 


Using  this  worksheet  for  procadurea  and  illuatrationa,  and  with  guidance 
from  your  instructor,  diaaaSeable,  inspect  and  service  parte  and  coaponenta  and 
reassemble  an  assigned  engine. 


ENGINE 

SIX  C7UND€R 

MObiLS  Bb.264 
B6-220,  BO-241,  B6-265 

(Engine  Serial  Number  605593  and  Up) 
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MOTOR  TRUCK  SERVICE  MANUAL 


SP£GirXCATIONt 


\ 


\ 


ENGINE  MODELS: 


GENERAL  DATA: 

Number  of  Cylinders    .  . 

Bor*  (Inches)  

Stroke  (Inches)  

Displacement  (Cu.  In. ) 
Compression  Ratio  ■ .   .  . 
Brake  Horsepower  (Max. ) 

Brake  Horsepower  (Net)  . 

Torque  (Max.)  (Ft.  Lbs.) 

Torqaii  (Net)  (Ft.  Lbs.)  . 

Weight,  bare  (lbs.)  .  .  . 
Weight,  with  standard 

acceasories  (lbs.)  .  .  , 
Engine  Serial  Nuiriber 

Location  


CAPACITIES:  .... 

CY UNDER  BLOCK: 
Cylinder  Bore  (Std. ) 

TUNE  UP  DATA 

FirSmg  Order  .   .  . 
Spark  Plug^Gap 


BD-220.bg- 220 


6 

3-9/16 
3>IU16 
220.50 
7.5 

112.5  M 
3800  RPM 
91.9  U 
3400  RPM 
194.4  at 
2000  RPM 
17«.0  at 
1200  RPM 
549 

635 


BO-240.BG.241 


6 

3-  9/16 

4-  1/64 
240.30 
7.  5 

140. a  mt 
3800  RPit 
lis.  1  at 
3600  RPM 
223.  5  at 
2000  RPM 
21 1.0  at 
1400-1600  RPM 
570 

656 


BO- 264.80-^65 


6 

3-  11/16 

4-  1/8 
264.  33 
7.5 

153. Sat 
3«00  RPM 
130.3  at 
i*fiO  RPM 
248.0  at 
2400  RPM 
236.0  at 
1200  RI^M 
600 

68T  > 


Stwnped^on  block  right  side  upper  front  comer. 


Ca|»acities  vary  between  vehicle  models.  Refer  to 
Operator's  Manual.  , 


3. 5593-3. 5618 


Distributor  Point  Cap: 

New  Points  

Reset  

Cam  Angle  (Degreei  of 

Dwell)  

Initial  Timing  Setting  . 
Idle  Speed  Range  (RPM)  • 
Maximum  Recommended 
Speed  (RPM)  .... 


1-5- 3. 6. 2.4 


CRANKSHAFT: 

Number  of  Main  Bearings 
Mam  Journal  Diameter  . 
Main  Bearing  Clearance  . 

End  Play  

Thrust  taken  by  .  .  .  .  . 
Rod  Journal  (Crankpin) 

OtameieT  .....  •  . 
Rod  ftearlftg  Clearance 
Rod  Side  Oea ranee  .  . 

CAMSHAFT: 

Bearing  Journal  Diameter: 

Front  

Second   

Third  ........ 

•  Rear   


.019 
.016 

2a'-35* 

4'  B.T.D.C. 

350-400 

3600 


2.748-2.749 
.0014-. 0040 
.005-010 
3rd  Main 

2.373-2.374 
•  .0011. .0032 
.007-. 013 


2. 109-2. 110 
2.0«^-2.090  ' 
2i  069-2"  070 
1.4995-1.5005 


3. 5593-3. 5618 


1-5-3-6-2-4 


.019 
.016 

28'-35» 

4*  B.T.D.C. 

350-400 

3400 


2.  748-2.749 
.0014-. 0040 
.005-. 010 
3rd  Main 

\  2.373-2.374 
\  .0OU-.0O32 
\  .007-. 013 


2. 109-2.110 
2. 089*2.090 
2.069-2.070 
1.4994-1.5005 


3. 6875-3.6900 


1-5-3-6-2-4 
.U£8-.0j3 

.019 
.016 

28'-35* 

2'  B.T.D.C. 

350-400 

3400 


4 

2.748-2.749 
.0014-.  0040 
.005-. 010  ' 
3r^  Main 

2. 373-2.  374 
.0009*.  0032 
.007-. 013 


2.109-2. 110 
2.089-2.090 
2.069-2.070 
1.4995.1.  SOOS 


CTS.2023-A 


40*  *:T 


Engine  models: 

CAMSHAFT:  (Continued) 
Bvartng  Cl«Aranc«    .  .  . 

End  PUy  

Thrust  t»k«n  by  ....  . 
Timing  C«ar  BackUah  . 

CONNECTING  RODS: 

Bearing  Bor«  Diam«ttr  . 
Piston  Pin  &or«  Di«jpet«r 
Bearing  CUaranca  .  . 
Side  Cltarancft  

PISTONS: 

Material  

Recommended  Piston 
Clearance: 

Top  01  Skirt  

Bottom  of  Skirt  .... 


Ring  Groove  Sise: 

Top  

Second  .... 
Third  .... 


Pin  Bore»  Diamet'ei'  ... 

PISTON  FITTING:  \ 
(Feeler  Gauge  Ribion  Checking) 

Width  of  Ribbpni  (Inch)  .  . 

Thickness  of  Ril}bon 

Tension  on  Scales  (Lbs. )  . 

Desired  Tension  ^Lbs. ) 

PISTON  PINS:  ' 

Length  (Inches)  ..... 

Diameter  

Pin  Fit: 

In  Rod  

In  Piston  


PISTON  RINGS: 

Compression  Rings 
Number  used' per  Piston 
Size  (Thickness): 
Top 


Second 
9*p; 

\Top.  .  . 
Second  . 


Sid*  Clear anee  (Fit  in 
Grbove): 

T6p  .'  

5««ond 


ERir 


Oil  Control  Rings; 
Number  used  per  Piston 
Siac  rrhicknest):  (Total 
2  Rail*.  1  Spacer}    .  . 

CTS-2^23-A 


.0930-.  09.35 
. 123S-. 12^0 


.020.. 030 
.020-. 030 


.0025-. 0040 
.001 5-. 0030 


. 1^95*, 1^75 


SPECmCATIONS 
BO- 220.  BQ-220 


.001. .0035 
.002-. 010 
I  Thruit  flange 
.004-.<J07 


|2.499S-2.5000 
.8751^.8755 
.0011..  0032 
.007-.  op 

^Alumimim  alloy 


.003 
.002 


.096-. 097 
. 1255-. 1265 
. 1885.. 1895 

.8751-. 8752 


1/2 

.003  I 

6-18 

12 


2.945-2.956 
.  8748*.  8749- 

.0002-. 0Q07 
.0002L-^  0004L 


(Continued) 
BD.240.BC.24t 


.001^.0035 
.002-. 010 
Thrust  flange 
. 004-.007 


2.4995.2.5000 
.8751.. 8755 
.0011 -.0032 
.007. .013 


Aluminum  alloy 


.003 
.002 


.096-. 097 
.  1255-.  1265 
.  1885.. 1895 

.8751-. 8752 


1/2 
.  003 
6-18 
12 


2.  945-2. 956 
.8748-. 8749 

.0002-. 0007 
.  Q002L-.  0004L 


.0930. .0935 
. 1235.. 1240 


.020..  030 
.020-. 030 


.0025-. 0040 
.0015-.0030 


.1795-, 1875 

1^ 


BD-264.fiG.265 


.001..  0035 
^002-.  010 
Thrust  flange 
.004-. 007 


2.4995-2.5000 
.8751.. 8755 
.0009-. 0032 . 
.007.. 013 


Aluminum  alloy 


.003 
.002 


.096-.  097 
. 1255-. 1265 
. 1885.. 1895 

.8751-. 8752 


1/2 
..00  3 
6-18 

12  ■ 


2.945-2.956 
.8748-.  8749 

.0002-. 0007 
.0002L-.0004L 


,0930-. 0935 
.1235-. 1240 


.020-. 030 
.020-.  030 


.P025..0040 
. 001 5.. 0030 


. 1795-. 1875 


MOTOR  TRUCK  SERVICE  MANUAL 


CNcmss 

S«ett«a  A 


SPECmCATIONS  (Continutd) 


£NGtNE  MODELS: 


BD>240.  BG-241 


PISTON  RINGS:  (Continued) 
Gap:  . 
Spring  SpAc«r  .... 
Steel  R«ils  


.Side  Clearance: 
(F:t  m  Groove). 


VALVES- 

Intake  Valvea: 
Face  Angle  .  . 
Se«t  Wijdth  (Inch)     .  . 
Se«t  Run-out  (T.  I.  %. ) 

(M*x.)  

Valve  to  RocVer  Arm 

Clearance  (Hot)  .  . 
Stem  Diameter  .  .  . 
Stem  Clearance  in  Guide 

Exnaust  Valves: 

Face  .\nglc  

Seat  Width  <Inch)  .... 
Seat  Run-out  (T.  I.  R.  )  ■ 

(Max.)  .  

Valv'e  to  Rocker  Arm 

Clearance  (Hot).  .  .  . 
Stem  Diameter  .... 
Stem  Clearance  in  Guide 
Slo-Roto  Valve  Cap-to- 

Valve  Stem  Clearance  . 


Valve  Guides: 
Length  (Inches)  .... 
Bore  Diaineter  .... 
Distance  above  Head  (Inch) 

Intake  

Exhaust  

Press  Fit  in  Head   .   .  . 

Valve  Springs:  • 

Free  Length  (Inches)  .  . 

Pressure:  (Lbs.) 
At  2.  081  Inches  (Valve 

Closed)  

At  1.683  Inches  (Valve 
Open)   

Valve  Lifters  (Tappets): 

Diameter  

Bore  Diajfneter  in  Block. 
Clearance  in  Bore  .  .  . 

Rocker  Arms: 
Diameter  of  Shaft   .  .  . 
Bushing  Bore  Diameter. 
Clearance  on  Shaft  .  .  . 

Push  Rods: 
Length:  (Inch**)  .... 
<^tside  Diameter  (Inches) 


Mo  gap  at  joint 
.015-.055 


0025-. 0040 


30* 

3/64-S/64 
.003 

.024-. 026 
. 3715-. 3725 
.001 5-. 0040 


30' 

5/64-7/64 
.003 

.1B24-.026 
. 371-. 372 
.002-. 0045 

.001-. 095 


2.41 

. 3740-. 3755 

l-l /8tl /32 
3/4*1/32 
.0012-. 003^ 


2.69 

90-98 
t$l-160 


.996S-.9970 
.9990-1.0005 
.002  -.004 


.74«-.749 
.7505-.  7520 
.0015-. 004 


12-17/32 
3/8 


No  gap  at  joint 
.015-. 055 


002S-.0040 


30' 

3/64-5/64 
.003 

.024-. 026 
.3715-. 3725 
.0015*. 0040 


30* 

5/64-7/64 
.003 

.024-. 026 
.371-. 372 
.002-. 0045 

.001-. 005 


2.41 

. 3740-. 3755 

1-1/8*1 /32 
3/4*1/32 
.0012-.  003 


2.69 

90-98 
151-160 


.9965-. 9970 
.9990-1.0005 
.002-  004 


.748-. 749 
.7505-. 7520 
.001 5-. 004 


12-17/32 
3/8 


No  gap  at  joint 
.015-. 055 


.0025-. 0040 


30* 

3/64-5/64 

.003 

.024-. 026 
. 3715-.3725 
.001 5-. 0040 


30' 

5/64-7/64 
.003 

.024-. 026 
. 371-. 372 
.002-. 0045 

.001 -.005 


2.41 

. 3740-.3755 

1-1/8*1/32 
3/4*1/32, 
,0012-. 003 


2.  69 

90-98 
151-160 


.  9965-.  9970 
.9990-1.0005 
.002-. 004 


.r4«-.749 
.7505-. 7520 
.0015-. 004 


12-17/32 
3/8 


CTS-2023-A 
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SPECmCATIONS  <Co&tintt«tl 


MOTOR  TRUCiC  S£RVU:£  MANUAL 


TOIIOUS  CMAItT 


CrMkfthAlt  M4io  BMring  C^p  BolU  .  .   .  « 

Cylinder  H^ad  Bolts  

Cngim  Front  Suppon  BrAck«t-To^CrMkCM« 
Oil  FiUor  ShoU-To-BAoo  Bolt  ...... 

Surting  Motor  Mounting  Bolts 


C«mshsil  Cosr  Nut  

CrsnkstisA  Pulloy  ^fttt  

riywlisoi  Hottsiag  Ox  Adkptor  Housing  BoUs 
Flywhool->To*Cr«Al(slialt  Bolts  ...... 

Csnorstor  Brsckst*To-Crsfikcsss  BoUs.  «  . 
Oil  Flltor*To«Crsnkcsso  Bolts  ...... 


\ 


C4r^r«tor-To-iuaifaM  (220.  240.  241)  

C»in*halt  Thrust  F1m(«  Bolts  

Connecting  Rod  Bolts   . 

Engin.  Front  Si^poit  BrackoCs-To-CrAnkcASs  Bolts 

Front  PlAts-To-CraakCASo   

C.arc«s«  Cov«r-To-Crankcas«   

Intako  Manil61d-To-Ejihattst  Maniibld  

Intaka  Manifold- To-Ciduutst  Maailbld  

Manifold- Te.Cylind«r  Hoad  Bolta  

Watar  Puii4>>To-Crankcaaa  Bolts  .  


Carburetor  "To- Manifold  (264.  26S)  

Coil  Mounting  Bolts  

Cylinder  Haad  Covar  Boltt  ^y. 

Fu«l  Pump  Mounting  Bolti  . 

Caar  Casa  Covar-To-Plat.  

Cans rator- To* Mounting  Bracket  

Canarator  Strap-To*C«narator  

Oil  Filter- To -Crankcasa   

Oil  Pan>To-Crankcasa  

Oil  Pump  Body. To- Crankcasa   .  . 

Oil  Pump  Cover -To -Body  

Vibration  Oampar- To -Pulley  

Water  Outlet  (Thamtostat  Housing)  Bolts    .  .  . 


Torque  valuea  baaed  on  clean  thraada^I3bf 


Th  raad  Staa 


1/2 
1/2 
1/2 
1/2 
1/2 


-  13 

-  13 
•  13 

-  13 

-  13 


1  .20 
1    -  14 

7/U  •  14 
7/16  -  20 
7/16*  14 
7/16  .  14 


- 

5/li  - 
5/U  - 
S/l6  - 
5/ld,- 
5/16\- 
5/16  U 
S/16  - 

5/U  t 
5/16  \ 
5/16  4 
5/16  - 
5/16  -\ 


with  angina  oil. 


75  -  Bi 
•1-  95 
35  -  45 
40  .  50 
75  -  fS 


110 

00 

§0 

70 

ov 

aO 

24 
*7 

45 

55 

25 

30 

25 

30. 

25 

30 

23 

3C 

23 

211 

25 

30 

25 

m 

30 

9 

11 

14 

16 

14 

16 

8 

10 

9 
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14 

16 

14 

16 

14 

m 

16 

14 

16 

14 

16 

16 
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fig.  1  -  BO  «a4  BQ  S«rl«a  ZagiM 


tlM  IH  fix  cyliiMUr  BD  mi4  BQ  wUt  •agiiMc 
M  four  cyeU.  ia-llM,  4v«rh«*4  valv*  typ« 
•ngiMi.  Tfa«  cyliadart  »r«  aumb«r«d  from  th« 
fr«ftt.  Firlag  ord«r  U  US. 3.4*2.4. 

Th«  cylinder  block  tad  upper  cr*akefts« 
cMt  ia  oa«  pUc«  ««d  is  of  •jctr«m«ly  rigid 
c«M«rtt«ti«R.  ruU  iMgtk  ^t«r  Jacket*  for- 
roaad  *ack  ol  tha  eyiladari, 

Th«  craakskall  ia  dro9-le»g«d  ol  kMt- 
t»aM«d  ataal.  ft  ia  cMatarwaightad,  baUacad 
koik  atatieaUy  «ad  dyumteaUy,  aad  greuad  to 
elM«  Uaaitt.  Tka  akafk  ia  •ttpsevtad  by  loor 
pVMiaiaa  typa  >«pl««aaU«  iaaart  maia  baar- 
iAgt.  Craakaluft  aad  throat  ia  eaatvaUad  by 

A  >iif»tiaa  matfmm  la  paayjdad  t  tka 
-     ™  as  modal  264 

,^»UI,  H»  ThoHjPiliMlla  baltai 

»f  «|w«Sad  te  ttM  emakabaft  raar  flaaga.  Tk« 
'  ttm*M  loeatad  ««  Hm  aywhaal. 


tfctf  ftiinakaft  la  aappamd  by  lear  ra- 
itemlil*  baakiag  typa  baariags  prasaad/iato 

CMMba*  aad  ^y  ia  coa- 
inttMl  ^  a  tkmat  Oaaga  Iac»»ad  batwaaa  tka 


The  alumiaum- alloy  platoaa  ara  cam 
ground  aad  have  two  compraaalea  riaga  aad 
oaa  oil  ring.  Tha  bardaaad  aad  grooad  piatoa 
pias  ara  tha  fuU-aoatiag  typa  aad  ara  hald  ia 
tha  piatoaa  by  snap  riaga. 

Tha  eyliadar  head  ia.boUad  to  tha  eraak- 
c%aa,  aad  a  gaa-tight  aad  vatar-tl^  aaal  ia 
maiataiaad  by  maaaa  of  a  ^kat.  Tha  eyliadar 
head  haa  wadge*ahaped  ccmbaatioa  ekambara 
wkiek  provide^^mora  eompfaif  eambaattaa  of 
the  iaal  aad  aiv  miatore.  Witk  thia  tfaaioa  eon- 
boattoa  cjMkber,  ^  valvee  aae  mewladal  a 
ISO  aagle  ia  tke  eyliadar  kaad.  cxte^^^^ 
Mala  ava  af  aUey  M  m  pMddad  M|*^»aa. 
Vatva         Um^Mm  m  payiod  bata^e/ni^a 
racaaditia«ia|  opavAtiaaa.  Va^vea  aad  ^ve 
*e^  are  imiad  by  comtaaoaa  ^r«wi*fci«n  «< 
wfttf  r  tkrotij^  the  eyliader^^ead. 


Tha  iaraha  aad 
to  each  other  aad  to  tka  right  aide  at  the  eyi- 
iader  kead.  Tha  iataka  ead  aakaaat  TTfiridt 
are  each  eaat  ia  one  pieee.  MaaifaM  aaakata 
^«  »»4«  from  this  tteel  Mtkoal  a«  aabaatoe 
filler). 


•  tqyiifinwft  ud 


lo«tl«d  la  th«  l«wa«  n4Ut«r  tank  sad  ea  th* 
rlfk*  fids  of  th«  wiIm. 


rtg.  2  -  Aight  rroat  VUw  of  X&giM 


The  g«a«r«ter,  tern  utf         pomp  ufo 
drlvOA  by  4  V-typo  boU  from  a  p«SL«>\moiaKod 
oa  tt»  fron  oad  of  tko  craalrrtifr.  Tl» 
tributor.  mouatod  oa  th«  laft  aidti  of  tha  aaglmo. 
U  camahafk  drivaa  throagb  tka  oil  paanp  drivo 
•bait.  . 


Cagia*  LubricaUM  Syttam 


Tba  oU  ptuap  ia  aotiatad  oa  tMi  botton  of 
tha  eraakeaso  aad  i*  drivaa  by  tha  eaashalt. , 
A  apriag-loadad  raUal  valva  ia  tha  oU  fUtar 
baaa  limit*  tba  mowlrrwm  arataura  la  tha  jya- 
taa.  A  f^U-How  typa  ail  flltar  filtara  aU  of 
tha  oU  aaterlag  tha  aagiaa.  Tba  fUtar  ha^  a  ra- 
il «f  vaiva  which  parnita  oU  to  by-pao«  tha  fUtar 
if  tha  altar  baeooMa  dou*^* 


rrom  tha  oa  flltar*  oU  flmri  iato  tl^a  ahia 
oU  f  aUavy*  thaa  throH^  driUad  paaaagaa  to 
aaah  caaMhafl  baarlaf  aad  aach  asaia  baariag. 
rod  haaviaga  ava  labrltatad  by 


paaaagaa  drOlM  from  fht  aMia  baaviag  joar- 
(hi  mnaantlM  rn<  Jirarailf 


aaU  to 


dfflM  fauagid    ^  Made 


«a  la  ditd«t8dtkMii#i  CM 
ahaH  Wifam  (ttoCfw 
ana  ahaft.  Hataa  la  lha 
ttaa  of  aach  rocka*  baahiag 
haSl>taraaia^  tha  radidr 
tha  vaekar  anaa  draiaa  tela 


aad^a  valva  aad 
tha  paah  rod 


prate  aaivaa 

y 

Hamovahood, 

IHaaoaaaait  gto 

»Mi4         froM  bitiMr 

Romora  vadia» 

or  baa««a  OUcoMfct 

ita; 

r^fraaa  from  •■ 

4. 

HoBAOva  Iw  blJ 

Lda  m4  Um  bstt. 

7a  ra4Utor  aad  iaa      ood.  NOTE: 

Oa  Bomm  modmlB  it  U  Me^tsary  to  rMaovw 
battery  cabU  elippad  to  Im  •hronda 

AomtfTO  air  elooaora  ZHacoaaoct  tlurottla 
Ilakago  aad  eiioko  eoatrol  caM#a 

9*  Olocoaaoet  vrirlag  from  oagtoo: 

a,  Hoat  gattgo  aaadot  iiali* 

h.  OU  gauga  aoadtr  unit, 

Ca  Goaorator  wiMO. 

da  Pyinary  igaiUoa  wirlag* 

Startar  aoloaoid  wiraa  aad  battory 

)  eabia. 

It  Eagiaa  grouad  strap. 

10.  Diteoaaact  £uol  aupply  llao  from  lual 
pomp. 

11«  XHacMaact  aabauat  pipa  from  manifold,  ; 

Coatiauod  oa  aaai  paga 


rig.  )  -  UlttagSltefAiteahddta 
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14,  tLmamm  flpi^«i  hAtttflag  e«v«r  or  e< 
vrtmt  howlng 


IS.  DteMMCt  elttkch  liakags  or  tfiacMaoet 
«l«it«li  olftvo  eyliador  Uao. 

i 4.  Dltoowioct'Mgino  r«»r.  mooat^ga, 

IT, 


from.boU  hwwteg.  QaT«M<tM 
tnaanuoiottt  (I)  Oi«ea«Mct 
eosTortor  houalmg  from  s4»pc«r  platoi  (i>  Ots- 
eOBBOct  eosrortor  lr«m  drivo  plato. 


It.  OiteottMcC  Mi|iM  front  mouaUags  from 


19.  PttU  oaglna  forwar«^aiflel«atlr^  cloar 
clocch  aaaombly  fr«n  tr&amiasioa  maia^iva 
gwkU»,  CAUTION;  aV«^  tfanagtag  dutch 
driraa  dlac.    .  \, 

.  10.  Tilt  Croat  of  oai^aa^oyv^d  aad  ralto 
oaglao  out  of  ehaaaia.  ^oCato^glao  as  r«- 
quirod  to  avoid  eoatact  botwooa  oafiao  aad 
clhaaala  eompoaont*. 

21.  Ramova  aagtao  froat  mooatiag  brAckoti 
to  ponnit  placiag  aaglaa  la  ovarhaol  ataad. 


DBAAaCMBLT  OF  CNCXNX 

Fo*  oaao  aad  eoavoaiaaco  whoa  parfonaiag, ' 
roeonditioaiag  oporatloaa.  it  it  rocontmoadad 
that  tho  oaglao  bo  laouatod  la  aa  ovarhaul  ttaad 
ooeh  ao  SX-14)4  Xagiaa  RoU-ovor  Staad. 

1.  Ronaoro  oU  paa,  oU  flHor.  aad  foal 
piaap  to  pormtt  aaoiwtlag  oaglaa  la  ataad. 

I.  Movat  oagiM  is  ttaad  oalag^  lopport 
brackoto  aad  adaptor  platoa  ao  shova  la  TIl  4. 
RooMvo  liiUag  iUag. 


4.  Ri 
■tat. 


iaal  iiao  lr«m  iuo;  finny  oad 
«»«aM«t  mwMi  UMo  tran  die- 
aad  fttoi  f  iiinp.  Romovo  Um«  froni 

ro  tlMras^at  koaoiag  aad  thorme- 


i.  RoaaoTo  earburotor. 


4.  Romovo  bolt  from  iaa  boU  a^Jaatiag  atrap. 

braokot  iwaaaiiBg  1wit#  aad 
••4  teackat.  S^o  Fig.  s: 


mm- 


^        Tl^,  i  -  C#]i«rator  Mouatiag  Bracket 

7.  Romero  atartiag  motor. 

8.  Ramovo  manifold  tkiouatiag  bolts  and  ro- 
movo  iataka  and  axhauat  maali^lo  aa  a  unit 
Saa  ri|.  4.  * 


rig,  4  -  Rom^Hsg  Mial^Mal 

9a  -DitcMn«ct  coil  wir«t  from  coU  Md 
Qwtnmora 

10.  Roinovo  coU  from  cyllador  hoad. 

Uo  XMacoaM^  wiTM  from  ptog#«  Ro* 

moro  dUtribut^r  hol4^4ow«  bob  «a4  Ulk  «tt 
diMrlbttter« 


■■■><I>- 


1 


MOTOR  TRUCK  SERVICE  MANUAL 


A 

a 


Fig.  7  •  R«moviftg  Wat«r  Pump 


14«  R«mov«  rock«r  arm  covar  bolts  aad  r«< 
fTiov«  cov«r  and  gaakat. 


15.  Ramova  bolta  from  rockar  arm  9hMtt 
brackala  aad  ramora  eomplata  rockar  arm  aa- 


18,  Rsmova  valva  liftar  (tappat)  eovar  and 
ramova  Uftara,  Kaap  Uftara  la  ordar  of  ra* 
moval  to  aaaora  raaaaambly  la  aama  locatloa. 


19,  U«iag  a  ridga  raamar.  ramova  tka  ridga 
from  tha  top     tha  eyliadara*  Thla  ahoold  bo 
doaa  bafora  ywi<w4itg|>4Mfcft^M  ^^^^4^  ^**^^g<«>g 
pistou '  opoa  ramoval. 


Z0«  Rotata  aagiaa  ia  ataad,  Rsmora  oil 
pump  mouatbif  boUa  aad  rmmarm  oil  pump, 
Saa  Fig,  10, 


Fig^tv 


16.  Ramora  Yatva  Uftar  ^uak) 
la  ordar  of  aamoval  to  aaaara  raaaaambly  la 

la  10€MiOB« 


miaialag  cyliadar  kaad  bolta 

SMrig.9. 


17.  Ramov*  r 


21.  Ramova  ccwctteg  rodbcaiiAf  cftpi. 


IerIc 


rif.  1 1  -  R«noviag  Conaactiag  Rod  B««riag  Cap* 

'i*.  c"»«ctiag  rod  m4  piitgri^- 

••mbU«a  from  th«  cyllnd.r..  R.M««R,bl«  the 
bMriagcap*toth«irr€tp«etiv«  cotmocting  rods 


rtg.  13  .  Outeh  R«movikl 


24.  Rtoiov*  nywho«l  mouatlag  bolt*.  Tap 
nywhMl  with  «  .oft  hmmmtr  to  rmov.  fly- 
wh««l  from  dowol  in  crankshaft  fUag*. 


Pig.  12  •  Rtmoviag  Pl«tod  and  CeaaoetlBg  Rod 


23.  To  ramoTO  tlio  dutch,  iattaU  ratainlag 
cUpa  botwtaa  th*  back  pUta  and  tha  praaaura' 
Ug  or  iMtaU  wood  bloeka  batwaaa  tha  clutch 
nafOTO  and  tho  ba«k  Plata.  Thiaiatoholdtha 
elatck  aampraoaadto  prtraot  dutoniaaatf  tko 
liiNfc  ««r«r.  PotltloA  Miai^ag  otSp  or  wood 
llMtti  tR  ^aOftiMmlaosaBalaUkaMOtt^gbolta 
oa^aftwchtowadcathoaUpte  ^a««.  Tmtka 

pm  bl»ck  to  tha  aama  manor.  ToUov  «!ha  aamo 
procodoro  for  tha  third  cUp  or  block.  Ramov* 
iyi_«klch  monnttof  bolta  aaid 


drivaa  diac.  Soa  rig.  13.  Soma  dutehaa  can  bo 
eomproaaod  by  laatalUng  thraa  capaerowa  with 
llftt  waahara  through  ^  back  cevor  and  aacaa- 
hur^  praaaur a  Plata.  Tha  thraa  capoerawa 
vikftatd^  tl^toaod  avwly  to  eompraaa  dutch. 

:€99«2923  •  2 
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rig.  U  -  riywhoal  Mouatiag 


25.  Ramovo  eraakahalt  pollay  ant  aad 
I^Vf JT"**  laataUpuUar 
Sa^rf^^lS*^  «»«kahaJl, 

26.  Ramovo  hax  haad  boUa  aad  auta  from 
aagiaa  froat  covar  (timiag  gaar  eovar)  asd  ra- 
inoya  covar  aad  gaakat.  Alao  ramova  craak- 
ahaft  oil  allagar.  S*«  rig.  16. 

27.  Straightaa  lock  oa  camahaft  gaar  aut 
aad  ramova  aut.  Uaiag  SS-UM  PuUar,  ramovo 
eaaoahait  goar.  4oo  Fig.  17.  'wawo 


MOTOR  TRUCK  S£RVICE  MANUAL 


fig.  15  •  PaUlu  ttsakabftft  Pollcf  Utlac 
SS-I)S$  P«U«r 


Fig.  16  *  Rflmoviag  Sngin«  Froni  Cov«r 


Md  duufllat  caniihaft  bMriag»»  r«niov«r 


bMriag^t 


Fig«  18  *  R«inO¥ing  Cftmshalfc  Using  SS*1S00 
R«mov#r  Tool 


NOTE:  Camahaft  can  alio  b#  romovd  without 
romoviag  camshaft  gaar  from  shaft*  Gaar  caa 
b«  prsssod  from  shaft  afksr  ahaft  is  ramovod. 

29,  Ramovs  crinkshaft  gaar  from  shaft 
using  S£*  1368  Pullar.  NOTE:  Crankshaft  gaar 
caa  also  b«  prssasd  from  crankshsft  aftar  shaft 
is  romovod  from  craakcass. 

30«  Rom'oys  aslf-lockiag  bolts  and  romova 

main  baariag  caps.  Main  baaring  caps  ars 
numbarad  to  idantify  thair  positions*  Tha  aum- 
bsr  thraa  maia  baaring  incorporataa  thrust 
flaagas  to  control  craakahaft  sad  play. 


SE^llM  FliUar  Fig.  19  -  Ramaving  Idaia  Raarteg  Cap 
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MOTOR  TRUCK  «RVIC|^^^^^ 


31.  Rmaorc  r«Mr  mala  bwHai  cas  oaina 

»•  Ui«r  •bottld  b«  ?«plU«d  wUmmvmt  bMriac 
CAf  i«  41«t«rb«d.  S««  Fig.  20. 


which  aWl  th«  «U  yauafM  •hetald  h«  rm 

1S67  CUmag  Brvah  Sat. 

Zaapaet  eyUa4ar  block  for  eraeka,  braaka  o» 
tt7lppa4  •craw  thraads.  Fla«  or  hiddca  eraeka 
may  bo  located  by  eooting  tho  •lupoetod  areas 
*^  ""^  *«»  korotoao. 

**L7??t*>*  ^*  immadUtoly  ap^y  a 
coat  of  qaick  drytag  liquid  ouch  aa  «iac  oSdo 

powdor  mixad  with  wood  alcohol.  Whorovtr 
cracks  ar«  proooat,  a  browa  dUcoloratioa  will 
appear  la  tho  whito  coatiag. 

Chock  top  s«r<aeo  of  cyliador  block  for  tras- 
aoas  with  a  otraight-odgo.  Tsst  by  attomptiag 
to  Insert  a  .005"f««lor  gauge  ribboa  botwooa  tho 
straight-edge  and  the  cylinder  block.  If  this  la 
possible »  either  resurface  or  replace  the  cylia- 
der  block. 


Fig.  20  ^  Removiag  Aoar  Main  Boarlns  Cap 
with  S£-1719  PttUer 


32.  Lift  crankshaft  up  and  out  of  cylinder 
block. 

33.  To  remove  flywheel  housing  or  adapter 
plate,  remove  six  bolts,  drive  out  the  crank- 
case  dowels,  and  remove  the  housing. 


CLEANING,  INSPECTION,  AND  RECONDITION- 
INC 

Except  where  indicated,  no  attempt  has  been 
made  to  prescribe  a  particular  sequence  for 
reconditioning  the  various  eaits.  Some  oper- 
atioao  can  be  readily  performed  with  the  engine 
ia  tho  chassis.  The  oacteat  of  service  required 
will  govern  the  r      naif-  for  engine  or  unit 
removal  and  the  .  4  of  service  operations. 


cnruMDcit  BLOCK 


"Z'Z^^lmpmitaMt  phaae  of  oagiae  rocoaditloaiag 
fir^iH^wrei^  claaaiag  and  iaspoctioa  of  the 


iBK«k  mirhlaed  soriaeo  of  the  cyliador 
black  ohoold  ba  doaaad  of  old  gasket  material, 
both  iaaido  aad  ooiolde  of  block  with 
>  w  doaalag  eolvoat.  Reaunre  aU  traces  of 
l§Ut  •bU^,  acalo,  Oi^earboa.  The 


id  . 


Fig.  21  -  Checking  Cylinder  Bore  Usiag  Cyliador 
Bork  Oauge  SE-6B6 


Each  cylinder  bore  should  be  checked  with 
a  cyliador  bora  gauge  (SS>M^  to  datarmlaa 
taper.  o«t-ef-roaad.  or  won  eeadltioa. 


^  ^'f!?  of  the  ay3iador  boroat 

the  top  ol  the  ptotoariag  travel  at  rtght  aa^os^o 
the  ceaterliaoofthe  eraakahaft  (**A**  la  Fia.  22) 
Recordthomoasuremont.  Next, moasare the bori 
at^Aa  top  oltko  Hag  crtv^  Witt  thanaga  aar- 
aUel  to  tho  craakahaft  ("B"  ia  Fig.  25.  The 
'  ditferoace  between  the  roadlage  ia  tho  o«e-of- 
round  ccttditioa  at  the  top  of  the  cylinder  »>oro. 
Repeat  this  precedaro  at  the  bottom  of  th^  riaa 
travel  to  check  for  outrof-rouad. 





Ji 


MOTCm  TRUCK  S£RViCE  MANUaL 


To  mM«ar«  efUmUw  taper,  ammw*  erUad** 
bore  at  tha  hnifaw  of  tlM  rlM  tnT«l  with  tk« 
gauge  «k  iright  aag^  to  tk*  cnakateft  (**B'*  la 
Tig,  Z%),  Coapay  iwttk  carreepwiiMiig  wMw* 
m«Bt  aft  t«p  o<  Hag  tmval  <'*A"  la  rig.  U).  Otf- 
faraaca  batipaaa  maaaiivanaata  la  fhm 
d  cylladar  tapar. 


rig.  24  •  ftaboriag  CyUadav  Valag  Borteg 


U  eyUadi  -  waar  ascaada  tba  Umita.  U  la 
raeoBHaaBd*j(^.  to  rabova  tha  cylladar  or  cfl- 
iadara  to  wttlda  ^003"  of  tha  raqairad  oraralao 
dlamaicar.  Thia  will  allow  Mo«gh>  atodk  for  tko 
Haal  atap  of  haaiag  tha  beraa  to  obtala  tfu 
daaraaea  for  tha  aalactad  oraralaa  pdlatoaa. 
Proeodaro  lor  Utttag  platoa  la  oaWlaad  balotr. 


rig.  23  -MaaamroaoatarorChacMagCrlladMr 
Bava  Tapar 


To  datMMilaa  cyllador 

as  ^  «f  rteg  ttarrt  wllh  eyi* 
bora  aiaa  Uatad  to  "jpaatflcaHeaa". 


iad.«Ot 


If  tha  evUadar  b«*a 
ttt  lHttiia  «t  .002  Mt-il- 


^«  Mr^u4  a»  m4  4Mm  to  prodoea 
*  crMtftetch  pftttm  m  Um  ia  rig.  ft^I 

op  ud  dvwB^to  prod«ac«  th*  dMir«4 


■tr«lsht  19  ud  dm  aatf  k««p  th«  pi«toa  »te 


rig.  26  -  Crocsbateh  Patt«ra  Oa  Proparly  Ko&- 


ritting  Pl»tan« 

-Wh«a  th«  cyliadcr*  ar*  to  b«  hoa«d  for  u«« 
of  staadard  pistoaa  or  for  final  fiaisUag  aftor 
thoy  hav*  boon  roborod  to  within  .003"  of  th« 
iV^**.****'        •^vid  bo  fiaiih  hoaod  aad 
poUahtd.  Rough  ttoaot  may  bo  uood  &t  first 
oad  fiao  ■toaoa  for  tho  poUahiag  oporotioa. 

Placo  tho  hoao  iato  a  qrUador  horo  aad  o«- 
pand  tho  otOBOo  uatUthohono  caaj^tboturaod 
by  haad.  Cmaoct  «  j/4"  oloctrie  drill  to  tho 
J«M»*aa  drivo  hoao  at  drill  opood  whilo  •lowly 
moTiag  hoao  up  aad  down  oatiro  loagth  of  eyl- 
la^r  aatil  hoao  boglao  to  roa  froo.  Ouriag  this 
oporatioa*  a  Uboral  amount  of  hoaiaa  oU  should 
bo  aaod  as  a  eottiag  fluid  to  koopth?  stoaoo  of 
tho  hoao  cloaa.  - 

JBspMd  tho  stoAoo  agaiaat  tho  eyllBdov  boro 

•51!!'^  ^  oparatioh  uatU  tho  df  oir- 

od  baro  diamotor  io  Mtalaod. 

OMMloaaUy  dmiaf  tho  bnalag  oMsttoft 

^^^^^^^.^•^•^'^•^ 

»•  ••^•rt^  t^ 

«•»  ^ek  for  fiovroot  fu. 

«      .  .         .  , 

*hB  pioioa  ud  eyUador  90^Samthopio- 
!}■       aad  l«  Uao  with  tho  ^aat  faco  o< 
thavlataa.  Ap^f  a  taaaioa  paU  da  acaU  to  th* 
»  a«4  «ho*k  tho  eloaraw.  »oo  «lpo- 
I"  In  Otoartoaa  of  HMoa  oiao,  ot«.) 


Fig.  i7  -  Chocking  Platoa-To-Cyliador  WaU 
Clsaroaeo 


Poll  tho  foolor  gauge  straight  up  aad  out 
noting  at  th^  some  timo  th«  scalo  rtading  which 
should  bo  within  tht  raago  given  in  "Spoclfi- 
catioas". 

If  tho  sca^  roadlag  is  groator  thaa  tho  max- 
imuni  allewoblo  puU.  try  another  pistoa  or 
UghUy  hoae  the  eylinder  to  obtaia  tho  propel 

Should  tho  scale  roadiag  bo  loos  thaa  the 
minimum  allowable  pull,  try  aaother  pistoa. 
If  proper  fit  caaaot  bo  obtalaod,  it  will  bo  aec- 

?  «y"«<»«r  to  the  aojct  over- 

sise  ptatoB-, 


•ad  proeood  to 
piatoaa. 


-  ~-  — .  I  ...■■■y  aMii#h  tho  pIsMa 
ia4or  to  wld^  tt  htm  booa^M 
kaao  cyliadoro  aa4  fit  tho  r 


ft  to  ^mmoty  important  to  thAvoaihly  doaa 
boroo  after  h^^UvfUmUn  avo  aJt  iS- 
p«^ly  doaaod,  hard  abraotvoo  romala  la  tho 
aagaa.  Ifco  abreaivoa  lapldly  twar  rtttga, 
eyllvdov  «aUa.  aatd  boariag  aw^os.  Qo^ 

^^A^J^J'         w  blow  ao  mach  of 
tho  •teaalvo  dopeaito  tnm  tho  eyUadav  walls 
MpoooiUo.  Tkoa  iwab  out  aaoh  eyliador  with 
•A*-10^aa4ea*o*dly  wipo  it  o«t  with  a  eli 
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rag  akpwt  ab  tfj^  oi  4Uo 

iM»M«M,  or  ciMWiHOTrlil  •ohr«Ms  to  clou  eyl- 
tador  aftw  fcoaiaf.  Socli  aolvo^*     aok  ro- 
movo  abraoiTM  beuok  tho  vaUa. 


Cor«  Plug  Roplacmut 

aocMtaary  to  romovo  aa  tapaasioa  typo 
plug  duo  to  wator  Ualu,  driU  a  1/2"  holo  la  tlio 
eoator  of  tho  plug  and  romoiro  by  prylag  with  a 
•crwdrivor  or  oaltablo  tool.  Whim,  roplaelag 
ipaniliia  pl«g;»oaHtaa  eoaaavo  aido  o< 
ug  toward  iatoriov  of  cyliador  bjack.  Uo«  SK- 
725  Coro  Ptaig  butattov  Taal  wick  SX-lMl-lB 
Drivor'KaadU  aad  a  Iwaanor  to  drlvo  filogo  ta* 
to  potitlOB.  Soo  rig.  Zt.  MOTS:  Coat  odgoa 
of  plugs  wtth  a  aoa*hard«Blag  aaaliag  compouad 
prior  to  iaataUatiaa. 


rig.  2g  .  laatalUag  Coro  Flag  Vateg  SX-im 
XaataUor 


CAMSMATT  AND  BXAUNOS 


tamovo  aU  alad^ 
•oft  brush. 

Moaaaro  tho 
motor  to  chock  for 
Rsfor  to  '* 


la  iBloaaiag  solvoat 

dsf  estts  with  a 


vitka 
o«t-of-ro«w 
"  lor  jooraal 


of^raiMd,  tka  caaatkair  skoalA  bo  raylaaM. 

Th^  caaaakaft  akaald  also  ba 
BHBMMt*  Tkia  aaa  ba  doao  bo 


okaakadlar 


akail  «a4  joanala  Is  '*y"*blocka  tmk 
«aa-oai  at  tka  oaalsr  jaaraal  rnVk. 
tor.  tf  r«a-««k  aaaooda  .OOX**,  tho 
should  bo  roplacoC 


Cat-ofaUy  kMpoot  ca»  lobos.  If  woi 
pod»  or  soorod*  roplaeo  tka 
tko  oil  pomp  driTo  goar  oa  ^ 
tootk  aro  vara  or  daaagod.  tiho 
bo  roplaeod. 


•kaald 


fiaapact  rankalr  hsarlaga  for  waav  aad 
proper  ruaaiag  cloaraaca.  Sao  '*8poeillea- 
tioaa".  If  Ifanfeo  ara  sacisotro,  roplaao  tho 
baaklaga.  Th«  buahiags  -aro  prodsloa  borod 
to  proHdo  dM  aacaaaary  raaidag  cloaraBff't  at 
oaak  «<  tka  camahall  JoayaaU.  11  la  aaaaasary 
that  sailahla  tool  aq^dpaaont  bo  aaod  ta  laataU 
tho  biishloss  to  oHmlMto  tho  noslbllllw  o< 
diaterthag  or  damaglag  tka  baakiag  akaUa 
dariag  lastallatlaa.  Ite  SB-17M  tf^aaakall 
Baakteg  Rcoaovor  aad  batallar  tool  coaalata 
of  a  sot  of  adaptors  or  ar^a  to  aeeanno* 
data  oaak  of  tka  adghia  nMhakaft  baaUag  la- 
alda  diainatars»  a  haavy  paUiag  bar  with  aat 
aad  throat  baariag  aad  a  olavis  davlaa  which 
proToata  tha  bMt?ag  adaptara  frooa  taiateg 
wkUo  tho  bdahlag  la  balag  fautaUad.  Whoa 
lastalllag  tha  baahiagd*  bo  saro  oil  haUa  aro 
laalipnnoat.  Pall  tho  froat  baajrtag  Ifflo 
pooltioa  first,  tkoa  ropoat  aparatiaa  progroa- 
aiToly  toward  tha  roar.  Aftav  palUsg  opara- 
tiaa  at  obo  boshiag  la  eompUtod*  loavo  dis 
'  ba^lag  adaptor  la  poaltioa  ta  that  baakiag  to 
kolA  tka  palllag  bar  la  aliffnaoBt  osttt  aU 
Ara  la  plaaa. 


,  Vi.-.. 

i 

5 

i 

1 
1 
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CXANXSKArf'AND  B^AAXNOS 


11ior«tt|hly  elMB  aU  oU  pas««g«.  to  rmav* 


Cuf«lttUy  LMp«et  nula  ud  eQwi«etfai|  rod 
bMriai  JouraAlt  for  seorlag.  groovteg,  or 
erAeka.  U««  a  ■tleromttor  to  chock  Jooraala 
^woar.  So*  *%o«itesl«u**  for  io«ml 
•isoo.  II  jo«ra«i»  ghow  woor  or  out-ef-rotad 
in  oMoao  « .002**  or  tapor  of  moro  thoa  .OOOS** 
tho  crmakoluft  •kouU  bo  rogrotiad  for  tador- 
•U«  boariago  or  ropJ«€«d* 

Tho  craakahaft  ahould  aXao  bo  ehoekod  for 
Toa-out.  To  ckoek,  aopport  tho  eraakahaft  at 
tho  froat  aad  roar  maia  boarlag  jooraala  la 

bloeko.  thoa  chock  roa-oiit  at  fooariiu^^ 
modiato  aad  roar  latormodiato  (2ad  aad  )rd) 
maia  boarlag  Jonraala.  If  naa-out  oscooda 
.002".  tho  craakahaft  ihoold  bo  roplacod. 


Tho  boarlag  laaorta  aaod  la  thlo  oaglao  aro 
■eloctiv*  flt^aad  roqiilro  ae  liao  roamiag  oa  ta* 
•tallatloa.  Tho  boariago  aro  availablo  for  aor> 
vlco  <a  ataadard  aad  aadorolaoo  for  itao  oa 
Jouraalo  that  havo  booa  rogrouad. 

If  laapoetiaa  rovoaXa  badly  wora  or  aeorod 
boariago,  ropUco  tho  boartaga.  Uadoraiao 
prodaioa  typo  boarlag  ahoUa  ohooid  bo  laataU- 
•d  whoa  boarlag-to*craakahalt  roaalag  eloar- 
atfcoa  aro  to  bo  rodocod  to  coiapoaoato  fbr 
woar.  Tho  laataUatlaa  of  mow  boariago  moat 
bo  doaoly  ehocliod  to  malatala  tha  proper  doar- 
aaca  botma  tho  jooraaXo  aad  boarlag  aorlheo. 
A  coavaataat  aad  aeaarato  mttbad  for  ehacklac' 
tho  doaraaeo  l«  «tth  tho  aao  of  FUatiaago  aa 
laotroetod  oador  "Chooklag  Craakahaft  Boarlaa 
€l«ar«aco.** 


«emil  «in«e«r  of  ttab«>o  la«o  waMataoy  aro 
^  bMiriM  laMipoMJSd.  aaawlai  a 


Aa  boro«  Thta  lacroaaod  dtaoMtor  la  rof orr  od  ■ 
'*99itaV,  Fig.  ». 
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rig.  30  •  XUttotratlag  Boarlag  "Cruah" 


To  obtala  proper  boarlag  4aaombly  with 
tho  corroct  "cruah",  caro  moat  bo  takoa 
whoa  tightoaiag  tho  cUmpiag  beUa  to  mako 
•uro  thoy  aro  drawn  do«a  altoraatoiy  aad 
•voaly,  itolag  a  toaaioa  wroach  aad  tlahtoalao 
aa  cpoclfiod.  • 


QVyTWtff  Rod  capa  or  bloeko  moat  aot  bo 
mod,  lapped,  or  reworked  la  aay  other  maaaor 
ia  order  to  reduce  ddaraaee.  While  oach 
practice  will  make  a  tl^ttor  fU  at  top  aad  bot- 
tom, U  wUl  reatalt  la  aa  ont-of-rAoad  bore  aad 
bearing  tholl  diatortloa  aad  wtU  alter  the  oa- 
gtaeerod  fit  of  the  boarlag  ahoUa  la  their  boreo 
aad  deetrey  the  opoelftcaUy  dooired  "erttah". 


Mala  aad  eooaactlag  rod  boariago  aro  do- 
ti^od  with  tho  ''fproad**  (width  aereo  •  the  epea 
eada)  all^y  larger  thaa  tho  diameter  of  the 
craakeaaa  bore  or  coaaoctlag  rod  bore  lato 
vhieh  they  are  aaaomblod.  For  enmpu,  tho 
width  aarooo  the  rod  boarlag  aat  la  alaco  la 
approiinatoly  .030**  moro  ttea  whoatho  boar- 
Ug  U  la  pooltioa.  Thio  ooadmoa  la  oHglaaUy 
joalfMd  toto  the  boarlag  to  oaaae  It  to  toiite 

"aaap**  may  bo  lost  la  aarmd  ttsa,  bat  the 
^.Hat  Mctf^Mt  bo  c^tlieo4  bocanao  oi  a 
iaal  loaa  of  thia  c(  "" 


Thia  ceadmoa  caaaeo  tho  boarlag  to  fit 
aaagly  la  the  rad  bore  oad  the  boarlag  maat  be 

''aaappotf**  or  Ughtly  ^cod  lato  Ita  aoat.  B 
lag  apraad  U  maatrdtod  la  Fig.  }1. 
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S«ctiM  A 

If 


» 

Baarittg 
O.D.  • 

Specified 

Dim.  "A^*, 
Fife  11  ' 

Connecting 

i 

2,500 

.025 

2.52S 

BD*  240t2D4*BC*  241  •  265 

^      2  500 

.030 

2.530 

No't.  1,2,4 

BD.220.bg- 220 

2.942 

.020 

2.962 

BO-240.264.BC-241.26S 

2.942 

.  .030 

2.9T2  * 

»   No.  3  (Thru«) 

BO- 220.  BG-220 

2.942 

.000-. 006 

2.942  -  2.94ft 

BD-  240.264.bg.  241 .265 

2.942 

.002-.012 

2.944*  -  2.954 

(sSn'uoinvY 

AND  SOUAMIY) 


ICAMNG 


WHCN  tNSTAUEO  IS 

THE  SAAAC  AS  THE  OIA.  OF  n« 
CRANKCASC  Of^CONN.  ROD  lORf 

SPREAD  Of  KARINC 


KTORC  mSTAUATION 


WOOD  ILOOC 


OfCRCASINO  SMfAD 

(tnkkwaui 


Mi 


SOFT  MAUET 
(Smn  UOHTIY 
AND  SQUARRY) 


Fig.  31  •  muctrfttlng  BMrlag  "SprM4" 


Rough  hendliag  in  thipinvnt.  ttorege  and 
narin*!  hMdUag  may  ceuM  epreftd  CO 

be  tacr«u«tf  or  4««reftM4  fmi  the  tyetfted 
width.  Bearing  tpread  emtt  be  eefely  e4)«ieted 

tattru«te4  below,  eUhpagh  cere  ead  jttdt- 
mem  ehotad  be  evercieed  la  tba  proceee.  Refer 
to  chert  for  rpeeiaed  epread. 


1.  Cxcesciv*  Spread.  If  roeavoresneat  in- 
dicatca  that  aproad  it  exceaiive  place  thick  wall 


WOOD  M.OCK 


Fig.  32  •  Adjusting  Beartag  Spread  <Thlek 
WaU  Beariag^ 

/  Coatiaued  ea  atirt  page 
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^'^•'Haf  (maltt  bMtriajri  am  4  wood  blo^k  m^A  *  ^  ^ 

i»  Pi*c«  and  torquad  to  •p«cifieatiott«; 

<iic*urS3ttSl5?1S5Sd  rtTcVtWeklirii  R«nalalag  eapi  »rt  laft tight  whU« 

•    ^  ViP«  tlw  oil  ^rom  *U  contact  •ttr^cM 

chock  th.  mo*.ttTom«t  oad.  if  alcoViarv  r.-  SIS*  '"^^f  ^  «»o  cr«akth*ft  jour- 

Ja.t  until  corr-ct  .pr^ad  U  obtX."  1?  i:!*!^'?''**?,^*^""^  •PP'««i«n*t«ly  1/4" 

ow«ii«a.  off  c«nt«r.  ImuU  baariag  cap  aad  tightaa  cap 

Doiti  to  r«cotnm«adsd  torque. 

• 

*  gAVTlQK:  I>o  not  turn  eruiksh4ft  whilt 

_  «»*Wag  cli.ck  with  PUitigage. 

\ 

^  4.  Ramovo  bearing  cap  aad  iaoert. 

5.  Oo  not  diaturb  PUstigagt.  Utiaft  th« 
"1        PUfti- envelope ,  meaeure  the  widest  point  of 

i        Si  K^!!***«r' Thie  reading  Indieatee 
■  :.  '  j  •»••"»«  clearance  In  thouaandtha  of  an  Inch. 

*  '  -    1  "  clearance  ia  net  within  apec- 

*  -   .^  .J  **»«"*ak»kaftinuat  be  regrouad  and 
'  4  ***'-.«a        «wd«t«i«o  bearinga  InataUed.  mo 

  ^vfc 

^^^^^ 

......  H^usnc 

i 


Ftf.  S3  -  A4ittatUig  Bearing  Spread  (Thla  Wail 
Soaring) 


Cliaranco 


^OBmecttog  Rod  BeaHftget 

I.  Ren»ove  bearing  cap  and  wlpa  oU  from 
face  of  bearing  iaaert  and  oxpoaed  portion  of 
craakahaft  JoamaL  f  w 


\  
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teg  sttviftca  tkm  IttU  wMth  of  tkm 
1/4"  'alle«Mw.  ^ 

tMUU  cay       tl^w  to 
torqtto^  tiPTgi  Do  ttot  ibn 
PUotiffkgt  to  te  pUco« 


FiK«  3S  *  Chodtteg  Conoetiog  Eod  BoarUig 
ClooroACo 


4,  Romovt  boariog  cmp  ud  uoo  PUotifOgo 
acaU  to  m«OMro  wi4o0l  poiat  of  PUotitM*> 
rig.  35.  Thia  rMdteg  te4lGOtoo  tho  boorteg 
cloar&Acfl  in  thoiiooaittho  o£  oa  tech. 


S.  C)&«ck  tiio  coo&oo^teg  rod  oido  cl4 
iioteg  a  foolor  gaogo  ao  oho^  te  Fig.  36,  Bs* 
cooolvo  eloaraaco  may  roqiairo  roptacomoat  of 
rods  or  shaft*  TH*  eh«ck  ihouid  bo  x|kado  to 
mako  cortate  that  tho  tpocifitd  ruaateg  doar- 
mac«  eiditt.  Lack  of  claaraaco  could  tedicato 
A  damagod  rod  or  porhapt  a  rod  boarteg  out 
of  petition. 


att  rtega  from  paitoiio,  Uao  a  rteg 
tool  to  tiyaad  rtegtt  tboa  aUda 
tboo^  of thoj 


Honova  tho  piatott  pte  rotateato  (oa^  tU^) 
frooo  y^»»ao  as  oach  o«d  of  pte  aad  |Hiab  pia- 


Aftor  pte  te 
firomteo 


ro^Li  J^oso  aoaalt^ag  oa 
pam  to  aaaaro  eorroet  ifoa^oomUf. 


noroa^f  etoam  tha  ptetaaa«  9ao  a  rteg 
groovo  claaaor  tool  or  a  focttoa  of  ptetos  rteg 
with  tho  oad  fited  te  a  aharp  odgo  te  doaa  oar* 
boa  dapQOita  faan  rteg  gro^oa^  Cara  ahoold 
bo  takoB  to  avoid  tcrotcbteg  tho  oidao  of  tho 


Carboa  loll  om  tho  oidoa  of  tha  groovoo 
maf  prartat  a  aaw  riag  from  formteg  a  good 
•oal  or  aoold  tadaco  tho  iido  claaraaoo  te  a 
ractaagular  poovo  to  tho  potet  ^oro  tea 
riag  aioald  aot  bo  frao  te  tha  grooira* 

aarboa  dapaalto  oa  tea  bocton  of  a 
could  caaaa  tea  riaf  te  protrada 
Uad,  Thm  whoa  tho  ptetoa  rooha  te  tha  oyl- 
iadar  I  tho  rteg  nuy  bo  farcod  to  carry  tea  pte- 
toa  throat  load,  Thte  will  caaaa  ocirfCteg  or 
acortag  to  occur. 

RoiiM¥o  aa  aauch  of  teo  carboa  aa  poaalblo 
with  tho  rteg  ooctloa,  teoa  iaamarta  tha  piatoaa 
te  elaaateg  aohraat  to  oalkoa  roaoateteg  carboa 
dopaoiU,  CASmagti  Novar  aao  a  aaaatte  aa- 


Novor  uaa  aay  Uad  of  otool  bruah  oa  riag 
laada  or  pialoa  akirto.  Stool  briatteo  wiU 
acratch  piatea^  g^oavo  oidM  §  nahlag  a  good 
riag^to^groo^  aoal  iaipoiofbtey  6r  thay  will 
round  teo  outiido*  ooraMi  of  tha  teadOt  roault* 
lag  te  laai  ountet  for  tho  riago  tad  poooiblo 


After  ftlteaing*  iaipaol  tha  ptetas  for  aaaf • 
fteg  or  aoariag,  araaka  te  tite  hoa4  ar  altfft 
If  aad  fo^ww^p^tei^ 

pig^  Eopteaa 

thaali  bt  ' ' -^t^^^ 

tha 

^^^i^lt^gg^^  g^fc^t^il^l  ^^^^  ^^^p^^ 

e«#«iMly.  Sm  **fpMlflaatlM«**  ifMlttAA 
liag  9iim 
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^p«ct  pUto*  piM  for  WMr  or  otchia*  ottd 
II?f wcoootvoly.  tf  pla.to-pUtoB  or 

ovotsU*  pia  caa  b«  laauUod.  Whoa  fiMat 
ovorolso  piotoA  plao  to  aM  ^Mom  It  wlU  bo 

te  tho  plotoa  to  proTido  tho  tpooiliod  £Inui«o 
M  tlumtt  la  •Spocilleotiono".  To  choSTS? 
piotoa  pl««  la  piitoa.,  tho  pla«  oad  niotoao 
•hottld  bo  ot  room  tomporatoro  (70*T).  Whoo 
roomiag  or  hoaiag  piotoao  for  ovoroiso  plao, 
romombor  to  olto  roois*  piston  pla  buohlao  la 
ceaaoetlag  ro4.  ;  .  » 


£or  ^otoa  pla  eioaroaco.  If  eUaroMo  U  os- 
cooolvo,  b«ioblag  ohooM  bo  raplacod  or  roaUo4. 
If  ovoroiM  piotoa  plao  aro  to  bo  la^auilMto 


Fig.  36  .  f  «nwlai  Pl.toB  Pin  Buohlag  With 
5E-1036-4  Romovor  and  lafttallor 

Tool 


To  roplaco  piotoa  pla  boohiag.  prooo  buoh- 
J^'/Tf"  «-l036-4  Roi£ovor  aad 

Sis?!!  5r*\r*  i*:""  ^'Wort  Plato,  ao 
•howB  la  Fig.  It.  To  laotaU  aow  bttohlat  ulo 
support  Plato  and  iaotaUor  tool  with  projir 
waahor.  ao  oho«a  la  Fig.  S9.  Prott  buohin. 
Into  coaaocttog  rod  uatU  waohor  !■  firmly  loat. 
od  oa  tho  coaatctiag  rod. 


i  in 


Fig.  J7  -  HoBlag  Piotoa  Pla  Booooo  For  Ovor- 
•loo  Pla  Oolag SE-lStl  Hoaiag 
Machiao  * 


Pltton  oaoombUoo  furaiohod  for  oor- 
^^^m  wt^tmMM,  aro  eomploto  with  piotoa  plao 


*€4iiraioIr  mtoi. 


Coaaoctlag  Rodot 


coaaoctlag  rodo  ohould  bo  thoroughly 
aUaaod  la  cloMlag  oolvoat  to  romoro  aU  traeoo 
H^^T^^I^'  yodoearofaUy  for 


Figo  39  .  Jw«^i  P4it«  Pin  BuaJilmi  Witb 

•  Ttftol 
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^  i»  ng.  40  or 


tapyrt  Plat*,  *« 


I 


rig.  «o 


Pin  BuahlaLg 


Rmja  or  hoBs  th«  pi«to&  pi&  buahiag  to  pro- 
vld«  th«  correct  piittm  pia-to-btt«lilBg  clttar- 
atiic*.  To  chock  fit  oi  piatoa  pia  ia  cooaoetiag 
ro4.  pia  «ad  rod  ahould  bo  at  room  tomporMuro 
(70«»F). 


^       rig.  41  -  il«tef  piflti 

lauSiptag 


«IM  ro4  te  ft  vifto 


«Mftotf  «•. 


M4«  «i  wt9tm  t^mm 


  rod  pto 

boohtef  fta4  piuh  piMon  ate  l«to  piMc  taMl 

I^Ml  pis  »«lftlMM  (Mft^TtegS)  «t  CMh  Md 

Of  pte,  milHwg  aar*  rocateMt  soot  MIt  mad 
wttli  tOMioa  ftft  groovoo. 


Chocit  allgmnoat  of  coHMCflag  rod  and 
-—mOAy  m  m  ftoewnto  unaim  iini 
r  McJi  fto  SS- 1099.  *«oo  »|g.  427Cartoct 


rig.  42  •  Chocldftg  Alignmoat  of  Pl«to«  a*d 
Cooaoctiag  Rod  Afaombly  Ualag 
SS-1099  Conaoetiag  Rod  AU^ar 

The  ^ataidag  ef  tho  ooMOcUag  rod*  to  tiia 
aaglao  craakahaft  ia  aaothor  importaat  foada- 
maatal  for  machaaica  to  eoatidar  for  oAgiao 
robuUdlag.  How  woU  thia  job  ia  porlarmod 
doConaiMa  to  a  la^ga  aaitonC  what  kiad 
of  coaaoetidg  rod  boariag  woar  wlU  bo 
roaiiaod.  Tho  corroet  torqoa  ftppUeatftoa  aa- 
auroa  a  good  job. 


Tiora  arc  a  aambar  «f 
affaet  torqaa  aad  thm  raaotta  of  toraiia.M|aiea- 
itoav.  Tha  ttiftjor  pttfpMO  Ha  fi|Wlag  aoa- ~ 
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tt««tlag  ro4  bolt*  to  &  spseUle  totau«  U  to  ob- 
^tMslm  i«  tk«  bolt  mn.  43)  iHUeli.  ton. 
(tav^top*  a  ciampiag  loftd  or  proload  that 
CMds  «ay  postibU  lOAdlac  impo««4  om  parts 
da*  to  MgiM  rpm.  {Xa  9th«r  word*  coaaoetiai 
»o4  muit  "han|>oB"  to  eraakahait  and  sufior  all 
tha  maiaa  of  iaartia  aad  crUadar  combuation 
***^*>v^  permitting  th«  laait  movamaat 
or  Qasiag  o£  tkt  rod  cap  or  bolt..)  At  th«  tarn* 
tiaia  torqu*  appUad  mutt  b«  withia  th*  capacity 
of  parts  (bolt*,  cap*,  coaaectiag  rod»)  to  wltb- 
•taad  th«g«  load«. 


TORQUE  . 


FRICTION 


CLAMPED 
FRiaiON 


Fig,  43  -  Connecting  Rod  Cap  and  Bolt  Detail* 

Xa  tightening  connecting  rod  bolt*  to  their 
•pecified  torqu*  figure,  a  definite  loading  is  ob- 
tained between  connecting  rod  aad  cap.  Espec- 
UUy  designed  bolts  maaufactorsd  from  sslected 
maturUls  permit  the  appUcation  of  this  loading 
without  undue  stretching  of  bolts.  Thsrs  is  a 
relationship  batwssa  ths  torqua  spacllieatiOD 
and  clamping  sffset  or  load  to  bs  appUsd  pro- 
viding csrtaia  coadiUons  sxist.  These  condi- 
tions center  largely  srouad  th*  bolt  itself  and 
art  pointed  out  as  follows: 

ttoaad  ffonditioa  ia  moat  iaaparttat^ 

^  Thraada  that  ar*  dry,  excsssivaly  vough, 
batt^ad  or  that  are  liUad  with  dirt  reaaira 
^i«M«araW*  affort 

Tha«  whan  the  ciampiag  load  1*  first  develop- 
ad.  ^  the  bolt  tension  is  appUsd,  th*  torqae 
«aa4tef  mouM*  Vapidly  <daa  to  thrsad  tf  lotton) 
to  tlM  apecified  figure  without  approaching  the 
oaeired  belt  tonsion  and  maximum  ciampiag 
afraet.  Uadar  these  cmdltioas  the  daeir*d 
raadiag  i>  obUiacd  but  th*  tilampiag 


*ffeet  mifht  b*  far  balow  raouiramaatv.laad- 
tog  to  bearing  failuro  or  taVonn.ctSjVod 
bolt  breakage.  Th*  propar  oolt  taaei^  aad 
ciampiag  «lf*et  eaa  aavar  bo  attaiaad  if  th* 
bottla  dry.  Th*  bolt  muat  have  a  film  of 
lubricant  in  th*  thread  secUoa  and  under  ^e 
head  to  b*  considered  lobrleatad.  A  good 
method  of  ehaekiag  to  detbriiniae  threld  con- 
dition is  to  turn  tha  eoaaoatiag  rod  bolt  (lu- 
•  tKi*iSl**^  •Uthe  way  lata  the  eoanecting  rod  with 
the  fthgera.  If  the  bolt  runs  ia-relat^iw  £„,  • 
without  itickiag  or  without  the  need  for  apply- 
ing niore  th«  a  vary  Ught  (2-4  ft.  lha.)  wVoJch 
effort,  the  bolt  i*  aatisfaetory  for  use.  Due  to 
the  clo**  m  of  coaaectiag  rod  bolt*  th*  eUtht- 
S!l'»        imparfactioB  tacraa***  thread  fac- 
tion to  th*  extsat  that  incorrect  bolt  tension 
is  likely.  The  threads  ia  th*  rod  should  slso 
b*  sMmiaed.  Maks  csrtaia  that  they  are  frse 
of  chips  or  hard  foreign  material. 

Coaaectiag  rod  bolts  must  be  elesaed  of  all 
foreiga  matter  ladudiag  the  anti-rust  mater- 
ials that  may  be  caked  ia  the  threads.  This  is 
»lso  true  of  the  coaaectiag  rod  thread  holes 
Apply  Ught  eagiaa  oil  to  th*  bolt  threada  to  " 
lubricate  before  installation.  Tighten  the 
connecting  rod  bolts  alteraataly  aad  fiaish  tight- 
ening with  th*  torqu*  wrench  *et  to  th*  tpmci- 
fied  torque.  If  s  bolt  is  Inadvertently  over - 
tightsnsd  sxcesslvely.  eapagh  to  stretch  the 
bolt,  it  must  be  repUeed  with  a  new  bolt 
Good  practice  in  major  engine  overhaul  would 
be  to  use  new  rod  bolts  throughout. 


The  application  of  specific  torque  to  any 
particular  bolt  which  serves  to  hold  or  cUmo 
two  psrts  together  should  be  accompUshed 
with  a  torque  wrench  known  to  be  accurate. 


Piston  Rings: 

Two  eompreesioa  riagi  and  oae  oU  riag 
are  used  oa  each  piaton.  The  oil  riag  i«  the 
three.pieca  typa,  eoaslstiag  of  two  aattiaat 
(raila)  aad  a  spacsr.  Use  riags  correspoadlat 
to  the  sUe  pistOB  baiag  usad.  Siaga  ara  fuv- 
aish«d  ia  staadard  aad  ovsraU*  diAmators. 

Each  riag  most  be  checked  for  prmov  riag 
gafu  Fuah  th*  rl&g  down  lata  tlM  cyiiador  bora 
maUag  •ur*  th*  riag  is  square  with  the  eyl- 
iadar  wall,  btremo  care  shooSd  bs  used 
duriag  this  oparatioa,  a»«ak  the  apaaa  or  aa» 
betweea  the  eada  of  the  riag  with  a  faalar 
•*«»I*.  rig.  44.  Sea  "Spaelflcatlon*"  for  pro- 
p*r  ring  gap.  Oil  riag  apaear  do^s  aot  have  a 
^p,  however,  oil  riag  rails  Chould  hav*  oaa 
within  spaeifiad  rarg*.  '^'^ 


1*^ 


rii 
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rig.  44  .  Ch««ti^C  Riag  Gm 

On  comprasaioa  rlaga,  if  th«  gap  i«  than 
th«  limit,  try  aaoUiar  ring  for  fit  or  droaa  tho 
•ado  of  tho  ring  with  a  Abo  cut  filo  until  tho 
corroct  dooranco  io  obtainod,  Tho  drooting 
of  tho  piston  ring  oada  io  bo«t  aecompliohod  by 
placing  a  filo  in  a  Tico,  thoa  moving  both  ooda 
of  tho  piatoa  ring  (ooo  at  oach  face  of  tho  filo) 
•quartly  acroao  tho  cutting  facoa.  Saeh  ring 
ahould  bo  fittad  and  ehockod  in  tha  cylindor  in 
which  it  ia  to  bo  uaod  and  markod  accordingly. 

PiatOB  ringa  ahould  bo  chaekod  for  oido 
doaranca  in  tho  groova  of  tha  platon  on  which 
thay  aro  to  bo  iaataUad.  Thia  ia  dona  by  pUdng 
tha  outar  adga  of  tho  ring  in  tho  piatoa  groovo, 
rolling  tho  ring  oatiraly  around  tho  piatoa  to 
mako  auro  thara  la  no  binding  and  tho  ring  ia 
fraa  in  tha  groova.  With  a  faalor  gaugo  chock 
tho  aida  claaranca  of  aach  ring  in  ita  roapoc- 
tivo  groova.  Sao  Fig.  45,  Saa  "Spocifieationa" 
for  propar  claaranca. 


Fig.  46  >  iMtaUlag 
Ring  ~ 


Hiac  Villi  SX- 1149 
Tool 


WhoB  iaatalliag  piaton  rlaga,  ataggor  tho 
ring  gapa.  For  farthor  InfonBaUon  rolor  to 
tho  InatTttcUoaa  fuiraiahod  with  tho  aorrlco 
ring  a  Ota. 


CTLINDXR  HEAD,  VALVES  AND  RELATED 
PARTS 

DiaaaaomblY 

To  protoct  machinod  aurfacoo  of  tha  c^iadar 
haad  from  damaga  by  haadllag»  mount  tho  hoad 
in  a  holding  fijrtora  vhilo  portermteg  aorvieo 
oporatloaa.    Fig.  47  ahowa  eyliador  hoad 
mouatiag  ia  SE-19)9  Cylindor  Hoad  Holding 
FiiOuro. 

WOTE!  Romeva  valTo  eapa  from  ondo  of 
vshautt  valvo  atom  oad  koop  ia  ordn  boforo 
Inatalling  hoad  is  fUtaro. 


F^.  45  -  ChofflWag  Riag-To*Or— TO 
Claaraaca  * 


ni.47  • 


Httidiag  Fl3«avo 
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hMda  with  a  wlr«  brush  ftad  acraptr. 

«  '•w*^  v%lir«»,  apply  «  .prliigcom- 
prMtor  Md  r«mev«  th«  vaiv.  k««p«ra  «r  lock.. 
*.  thttwn  ia  rig  4«.  R«l«.«  compr«..or  tool 
«&d  r«nov«  apriag  r.taia«r.  tpriag.  tpriag 
wapar  aad  oU  daflsetor  boot  (Intak*  v^dv•«) 
r  ^/     ««e««»**T  to  "rlka  vaXva  Urfi- 
ly  with  a  soft  hammer  to  braak  valy«  k««p«ra  «^ 
looaa.  Rcp«mt  thia  eparatioa  to  rameva  aU 
valvaa. 

iiSllfi:  Kaap  valraa  and  thatr  raUtad  parta 
togathar  ao  thay  may  ba  raiaataUad  ia  thair 
raapaetiv*  poaitioaa. 


Fig.  48  -  Ramoving  Valva  K«ap«ra 


CUaaing  and  Inapactton 

Claaa  carbon  dapoaita  from  tha  valve  port* 
with  a  wira  bruah  aad  aerapar.  Waah  tha 
haad  ia  claaaiag  aolvaat  to  ramova  dirt  and 
grtaaa.  then  dry  thoroughly.  Maka  aura  aU 
watar  paaaagoa  ara  claar  aad  open. 

,  •P**^       k#apar«  •hoolCb* 

elcuad  by  wasldag  ia  4  aolvaat^  SoWaat  claaa- 
tog  ordla*»ily  will  ^  ramora  aU  tha  dapoaita 
»«m  tha  valvaa.  Wi»a  bvaaliaa  wiU  do  thii 
irti  •atiafactorUy,  bat  oalybraao  wira  broahaa 
trhottld  b*  uaad  alaca  ataal  bruahaa  may  acratch 
iMMlMa.  Suck  acratehaa  ar*  likaly  to  cauaa 


 w— ■  — .  w  «a 

locaUsad  atreaaaa  ia  aa  oparatiag  valva  aad 
may  avaatually  raault  ia  CaUgua  fracturaa  of 
tk«  valva.  For  a  aimilar  raasoa  tha  uaa  of 
«Oftjr««  amary  papar  aheuld  b«  avoidad. 


tha  cyUftdar  haad  ior  tmmmm 
o»  te  tlM  eombttatiatt  ehambara .  vmtv. 

porta  aad  aromd  valva  aaata,  Uaa  eyliadar 
haad  «aat  plataa  aad  gaakat  8S-1446.S  to  ehaek 
tha  cyUadar  haad  paaVigaa  lo*  iSLmTS 
apact  tha  machiaad  or  gaakat  aurfitcaa  for 
acratchaa  or  mara  v^eh  may  e  aaa  laakaaa 
aftar  aaaambly.  *-«aga 


Fig.  49  -  Uaiag  Cylindar  Haad  Taat  PUtaa 
SE.1466-S 

Chack  tha  gaakat  aurfaca  of  tha  cyliadar 
haad  for  truanaaa  with  a  atraightadga.  Crit- 
ical poiata  for  cylinder  head  warpage  is  the 
aactioa  between  combuatioa  ehambara.  The 
point*  ahould  ba  checked  with  a  atraightadga 
acroaa  (aide -to- aide)  the  cylinder  head.*aad 
head  machined  only  when  thia  aactioa  ia  found 
to  be  more  than  .005"  low.  The  cylinder  head 
ahould  alao  be  checked  leagthwi  aa  (froat-to- 
rear),  to  determine  that  no  aactioa  between 
combuation  chamber  ia  more  than  .005"  lower 
than  the  adjoining  aectioa. 

It  ii  difficult,  or  often  timea  almoat  im- 
poafible.  to  keep  a  cyliade»  gasket  from  blow- 
ing or  burning  out  between  cylladera.  or  to  keep 
the  coolant  from  leaking  into  tha  cylinders  if 
tha  cylinder  head  ia  badly  warpad  or  if  it  ia 
erroded  around  the  watar  paaaages.  Thia 
condition  can  ba  eorracted  by  replacing  the 
cylinder  head  with  a  new  oaa  or  by  griadiag 
or  milling  a  reaaeaable  amount  of  atoek  off 
the  aurface  of  tha  uaad  cylinder  head.  Ra- 
mova only  .005"  matarial  to  traa  up  tha  eur- 
facot  otherwise  contact  betwaaa  top  of  ptaton 
and  head  of  valva  may  raault. 

Before  reaurfaciag  the  cylinder  head*  aa 
under ataadiag  el  what  happens  within  tha  ea- 
glae  should  ba  considered.  MiUiac  or  ■riadiaa 
matarial  of  the  cylinder  head  ia^reaae a  thT^ 
compraaaion  ratio  of  tha  angina.  If  miUing  or 
grinding  is  done  within  raaaoaable  Umitailha 
change  in  compraaaian  ratio  is  ao  ali^  that 
it  has.  Uttle  alfaet  upon  operatioa  of  the  engiiM. 
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thm  amount  of  Mock  r«moy«d«  Uador  Ottcli 
circttmttAiic«o»  «uf£ici«at  stock  may  bo  ro 
movod  to  moko  «  notiCMliio  chasfo  im 
porformmac*,  tncrM«iag  th«  comjprotoioa 
ratio  ol  oa  mgiM  by  mUUag  fovoral  ^ 
thoytondtho  otock  off  th«  cyliador  hood  or  top 
of  ,craakea0««  by  aoiag  a  hoad  gavkot  thisaor 
than  that  rocommond«d«  or  by  uilag  high  al-* 
titudtt  piston*  la  an  eagias  oporotioa  la  an 
aroa  not  roquiring  such  piotoaf^wiU  iacroaat 
tho  tampotaturo  aad  praaaarydTtlM^^aaoo  ia 
tha  combuaticm  chambar  ov4r  that  of  tho  orig-* 
iaal  aagiao«  ualaaa  tha  chaagaa  ara  ^ompoaaat- 
ad  for  by  chaagaa  in  tha  grada  of  fool,  ipdtloa 
timing^  ate.  lacroaaiag  tha  comproaaioa  ratio 
of  a  spacific  aagiaa  gaaarall)  raiaoa  tho  naia- 
imum  octana  raquiramaat  of  tha  fual  for  that 
•aglna.  Cooaoquaatly.  if  tha  fual  uaad  Juat 
maats  tha  miaixauxn  octana  raquiramaat,  aay 
incraaae  in  tha  comprattioa  ratio  by  oaa  of  tha 
above  mtthoda  will  Taad  to  datoaatioa.  loaa  of 
powtr,  and  pramatura  angina  failura.  In  aa* 
gina  installatioaa  whara  •ca£Eiag  aad  acoriag  of 
cyllndari  aad  rings  it  a  predominant  caaaa  for 
engine  failure,  it  ie  advisable  to  iavastigata  to 
•ea  if  significant  changes  ha<|l^baaa  made  in 
compression  ratio.  This  one  factor  alone  may 
not  be  aufficiaat  to  caaaa  any  aarioua  effecta» 
but  it  will  have  an  iafluance  oa  othor  probloma; 
and  if  it  is  combined  with  aoma  othar  eonditioa» 
the  combination  can  result  in  engine  failure. 

Check  valve  spring  tension  using  S£*1S65 
Spring  Tester  or  similar  tool,  as  showa  in 
Fig.  50.  Replace  springs  showing  improper 
tension,  wear,  cracks  or  permanent  sets. 


aom^pvoaaod  aad      froa  aprtag  iaatUi^  Sprtafa 
taataUod  with  hlglior  thaa  rocommoadod  proa« 
auroa  Mad  to  ovartoad^  irateo  tnia;  Tko^oao 
of  waak  apriaga  ia  likoly  to  prastotr  vmlTO 
booaco  uridch  ia  combiaattoa  with  high  aaglao 
spoada  ia  a  cotamoa  causa  ol  aoat  pOMMHag  aad 
valTa  braakaga^  Spriag  aada  ara  doaiptod  to 
be  flat  aad  square  to  prevoat  latoral  loada  oa 
tha  valva  atam.  Ottt*of*square  apriaga  placo 
a  aida  forca  oa  tho  stom  aad  toad  to  prootiota 
rapid  goido  waar«  Bacmoao  of  tha  poaaibiUty 
of  fatlgtta  eracka  ia  valra  apHAga,  old  apriaga 
should  ba  Yapla'ced  oa  the  aanao  baaia  aa  that 
racoRttBoadad  for  valvos  which  havo  booa  ia 
sarrioo  for  loag  parioda* 

Xaapact  each  valve,  Diacard  aay  valvea 
that  show  a^idmca  of  buraod«  warpod  or  beat 
coaditioa.  Saver aly  bomad  valvae  (Fig,  51)^ 
cannot  be  uaad  siace  the  matal  bohiad  the 
bura  haa  probably  lost  its  origiaal  propartiaa« 


Fig*  SO  -  Chackiag  Valva  Spriag  Taaaioa 


Ti$,  St  -  tovatly  Btiwod"^at¥t 


Valves  which  show  indications  of  "aacking^ 
must  also  ba  dlaeardad* 
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dr^«  gttidt  and  !•       rtaoXt  ol  hot  eorroalon 
(Fis^  S2)«  NMkad  vtlirot  ar«  •iisetpcibla  to 
InrMko^  «  a  moot  oHpoulvo  typo  of  ftUlurOt 
oiMO  tho  MiiAo  may  bo  ruiaod  whoa  a  vatyo 
hoad  brtakt  olf. 

Badly  acuflod  ^alvo  ttomo  aro  ttiU  aaotbor 
caaoo  for  rojoetiott«  Roufh  ttmo  uoually  pro* 
moto  rapid  guido  woar«  Koworor,  i^oro  thoro 
art  ottiy  all^t  ladieatlona  of  teufllag  at  tbo  oai« 
tromltlt*  of  tho  guido  eontaet  aroa  and  whoro 
thoro  lo  ao  approoiahlo  roduetioA  la  tho  ttom 
diamotor.  ittch  valviio  wUl  conllauo  to  glvo 
oatiofactory  oorvlco.  Worn  koopor  grooroo  or 
damagod  valvo  tip«  aro  uadooirablo  coaditioao 
and  are  lufficioat  cauoti  for  difcardiAg  a 
valvo.  Worn  groovoo  allow  cockUig  of  tho 
opriiig  rotalAor  which  toadi  to  tip  tho  valr*  in 
th«  guido  y  iacroaoiag  guido  woar  aad,  la  on* 
trtmo  caott,  eauoiag  Uafcago  acroto  tho  valvo 
face.  Similar  rooulta  can  bo  oxpoctod  from  the 
uoe  of  valvee  having  damaged  tips. 


Vltual  oaamination  of  the  ^voo  aloao  le  not 
aufflcioat;  oonala  crit^oal  dlmoaoiOM  moot 
alio  bo  chockod*  rirat»  tiie  valvo  etom  dia- 
motor io  ^mikod**  at  various  locationo  along  the 
guido  boar  lag  aroa,  aad  at  oaoh^locatioa,  oov« 
oral  moaouromeiue  aro.  mado4rouad  the  cir« 
cumforenee«  Valvee  with  •teme  having  any 
diameter  other  than  given  ih  ^'Spocificatione'' 
ehould  bo  rejoctod.  otherwieo  tho  etem-to- 
guido  clearance  will  bo  incorrect.  Similarly^ 
valvee  having  margino  of  leeo  than  about  one* 
half  the  hoad  margin  M  a  new  valve  ehould  not 
bo  ueod.  Such  valves  are  particularly  euacept-* 
iblo  to  face  failuro  duo  to  burning.  In  addition^ 
tho  reduced  dopth  of  the  margin  may  no  longer 
be  able  to  support  tho  impact  loado  impoood  on 
the  valvo  head  «4ion  tho  valvo  ie  cloeod,  thereby 
cauaing  the  rim  of  tho  head  to  curl  up  or  dieh. 
This  ie  called  a  *'cupped*«  valve  (Fig.  53). 


rig.  S2  -  Snample  of  a  Badly  **Neckod*<  Valve 


Fig,  53  -  Example  of  a  **Cupped*'  Valvo 

One  of  the  meet  important  charactorietice 
of  a  good  valve  le  concentricity  •  the  valve  head 
and  face  muet  be  concoatric  with  the  etem.  If 
the  valve  ie  bent«  the  face  will  be  eccentric  with 
eome  part  of  the  etem,  or  the  etem  will  not  be 
atraight.  Face  eccentricity  or  bent  hoada  can 
be  checked  dusrlng  the  refacing  operatipn.  A 
dial  indicator  gauge  ie  particularly  eaeential  in 
checking  for  bent  eteme.  Tho  valve  canbo  eet 
up  in  a  lathe  or  on  V-blocfce  to  make  eiieh  mea- 
Buremonta^  but  a  mora  conventeat  method  util- 
iaoa  tho  epocial  valvo  gauge  doeignod  for  thie 
purpoao  and  for  checlHag  valvee  after  relaeiag. 
An  onamplo  of  commordally  availablo  equip* 
moat  of  thia  typo  ie  ehown  in  Fig.  54.  With  S£* 
1800  Valvo  Gauge,  the  valvee  can  be  checked  for 
iACt  or  item  "run*out**  quickly  aad  accurately. 
Straight  atoma  moan  that  all  indicator  readinga 
around  the  item  at  eeveral  pointe  along  tho 
etom  be  within  0.0005**  total  indicator  readings 
Valvee  outeide  thie  limit  have  bent  ateme  and  it 
ie  recommended  that  they  be  diecarded. 
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Fig,  5S  «  Qtaning  V«lir«  QiOdm  Botm, 


Fig.  54  *  Chttckiag  Valv«  St«m  Stral|MM««  m4 
Fac«  RuB*Ottl  With  SE-1800  Valr^ 
Gftug«* 


It  1«  good  practice  to  r«pLaG«  v&Ivm  which 
hAv«  op«rat«d  for  long  porloda  of  tlmo,  oiron 
though  liup«ctloa  ladicatta  no  •rldoiit  roaaonfor 
rajactioa.  Old  valvaa  ara  Ukaly  to  contaia  la-* 
tigue  cracki  and  without  tha  tpacial  Inapaction 
aquipmant  raqulrad  l»  locata  aoch  cracka^  ra- 
jaction  ia  racommaadad  bacauaa  of  tha  Ukalihood 
of-  valva  braakaga. 


Fig.  54  -  Cha«klag  Valvo  0«Ma  Bora  Ualag 
Gaiftga  SS*lt24« 


laapact  valva  locka  (kaapara)  for  aatcaaaiva 
waar  and  raplaca  in  palra  aa  raquirad« 


Claan  valva  guida  boraa  uaing  corract  alaa 
bora  elaaalag  tooL  Thara  ara  masf  odoi- 
marci^Uy  airailahla  wlra  brtiahaa  and  Betw^B 
{Fig.  59}  that  claaa  goidat  vary  aatialaatorUy. 


Inapaet  guida  bora  earafully  far  axcaaaiva 
valva  atam-to*  guida  claaraaea,  aUiptical  or 
agg-ahapad  wa«r«  and  '*baU*iiiouthiftg*'.  Fig* 
S7  iUuatrataa  tha  aflacta  of  won  guidaa« 
Gttidaa  with  %mc%m%iif%  or  agg^ahafod  waar  or 
which  ara  ball^mouthad  mora  than  .0005*'  ahaald 
ba  raplacad. 


Chack  vmlva  guida  bora  dlmaaaloiia  a«4  com- 
pnra  with  Umita  Uatad  te  **SpaciftoattOM"  to 
datarmina  condition  o£  boraa«  Varioua  in- 
atrumaata  ara  availabla  for  maaaurlag  tha 
guida  baraa.  Fig.  H  iUMtrataa  «ao  af  SS^im 
Cxpaadiag  Typa  Bora  Oanga* 


Valva  Guida  Kaalacamant 

Whan^raptnciag  valva  ^idaa»  all  guidaa 
moat  ba  drivaa  Irom.  tha  coaAbuatlott  chambar 
•ida  (bottom  of  haad)  through  tha  tap  of  tha 

Coatinuad  on  naat  paga 
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rig.  57  -  Effects  of  Worn  Vklv*  Guides. 

Mad.  To  support  th«  head  for  rsmoviag  SAd 
iastmlUag  v«lv«  guldss,  a  cyliadsr  hssd  holding 
fbcture  csa  b«  msds  locally  from  sketch  showB 
a  rif .  58. 


rif.  M  -  CytMttr  Hsad  Holdlaf  rtslvrs. 

VtM*  tlM  erll«d«y  iMsd  fcat4ia«  fljctars  on 
Hm  yvMs  M.  thn  fMiltoa  tlM  imui 
(tilflnwi  sida  up)  on  tke  linture  and  loc«ft«  th« 


 adJw«M  to  tiM  vmiv« 

foida  batef  rmmwi,  Uslsf  vmiva  g^d*  tc- 
movtr  tMl  83B*1722t  pMS«  valv*  gvid*  owt  of 
eytlsdor  hoad.  See  fin.  $9.  Rap«M  o^fk-m 
to  ramova  atbar  guidaa.  B«  suva  to  pesitioR  tha 
moveable  su|^rt  adjaeaat  to  the  guida  to  ba  re- 
moved. 


'KfMOVft 


Fig.  59  -  Removing  Vslve  Guide  With  SS'1722 
Remover  Tool. 


To  iastaU  the  guides,  poaitioa  tha  cylinder 
head  (top  side  up)  in  the  cyUndar  head  holding 
fixture  positioned  in  press.  Place  moveable 
center  support  of  holding  fixture  under  hole  in 
which  valve  guide  is  to  be  installed. 

Use  SE-1943  Valve  Guide  Installer  Tool 
to  press  guides  into  ^ace.  Th«  tool  is  de- 
signed to  iaataU  both  intake  aad  eithaast  guides. 
Thia  can  bo  accomplished  by  adjusting  the  in- 
staller screw  in  the  body  to  a  depth  e<{aivalent 
to  tha  specified  height  tha  guida  e  are  to  protruda 
above  the  head.  Refer  t6  "Specificatiena".  rig. 
60  illustrates  adjusting  the  installer. 


rig.  60  -  Adjusting  SC-1943  Valv*  Oulda 
lastallar. 
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  Outtid*  4i4iMttr  of  vmivw  gvUtes  omtt 

hm  lubricated  upM  iMteUaUM.  Um  m  mlMr« 
of  wUn  Itad  mi  ttfte*  oU.  CUm  wmy  My 
wc«»f  IttbriCMt  after  vahra  guida  U  teatelM* 

R#plac«niamt  guidas  mr«  itoaifttad  te  giifa 
prApar  vaiva  aten-to*gttida  claanroa  nHiaa 
UaiaUad  la  tea  eyltedar  haad.  ■**mim  ia  aat 
raq^irad.  Wl  cara  thoaid  ba  takam  to  aaa  teat 
aada  of  guidaa  aranaot  bar r ad  darteg  teatall* 
atioa. 


Cora  Pl^g  Raplacapiaat 

Cyliadar  haad  cora  plugs  should  aot  ba  dia- 
turbad  uAlaia  •vldaaca  of  laakaga  asiata.  Ra* 
placa  plugs  aa  iMpacUoa  warraate*  Tba  pluga 
caa  ba  ramovad  by  driUteg  a  amall  bala  te  tea 
caater  of  tha  plug  and  pryteg  tea  plug  frotn  its 
bora.  To  teataU  a  aaw  plug,  coat  tha  outer 
adga  With  aoa-hardaaiag  aaalar  aad  uateg  3S- 
1725  Cora  Plug  laataUsr  aad  SS'lMl-lB  Oriva 
Haadla.  drtva  plug  flush  wlte  bottom  adga  of 
chamfar  in  cyl^|^r  haad.  Saa  Fig.  61. 


te  aaaitra 
of  tha  teaart.  Oaa  valva  aa«^4lK^ 


^  Fig.  61  -  Tii»t«lH«g  Cer«  Plug. 


Ya^Yi  atit  iBiirt  Rtatmmtat 

Wham  r«caaditiaWaif  ir«tv««,  tiM  r«l¥«  t«ttt 
la««rta  should  b«  imycfd.  U  ia««fts  m«  ^ 

us«atitl*cter7  eenditloft,  tlwy  amst  b«  rsplmcsd. 
Coo4  practle*  r«q|Blr«t  that  tha  latfirt  e«itsMr- 
bor*  ia  tiM  cyUii4«r  Im«4  k«  wiclil— 4  to 
imt*ll4tion  of  thm  inmmrt.  CutWrt^y  >v>lX*W 


•is*  «0ttBMrbor«  otMr.  Ctttttrt  ur«  omA*  t* 
eul  coaM»vb«r«t  aUg hlly  MMU*r  tiua  ^  O.D. 
otf  tiM  teMtt  to  pTCvMt  tlw  eamct  prmmm  fit 
o<  tlM  iMMt  to  tte  rwiMNiWi^    Km  tte  «alMr 

ttslli  It  bottow  la  tha  •tiglMl  ««Mt*ttor«. 
a«Mi  aU  chips  «■«  pAvttel**  fMM  cMitevbans. 

CMU  teMrta  to  b»  IsMM  with  ter  iM  f  or 
mrtaa.  PUe«  ehUM  kummrt  to 
coa»torb#r«"i"fag«  tiida       Uatag  ii 

from  coaBtarbov*  taal  aat*  dHvaimi   

couatorbora.  Paaa  teaatt  aaeiwaly  lata  pUea. 
Uaa  paaaiag  aqfulpnaat  tenUabad  wttb  taal  aat  ar 
a  daU«polatad  ebiaal  t/4"  laida  mpj  ba  aaad  ta 
aatiafaetoriir  paaa  cjrlkdar  haad  matal  avar  tha 
otttar  adga  af  tha  iaaart.  Chaak  valva  aaat  far 
coacaatricity  with  valva  guida. 


Valvaa  that  ara  pittad  caa  ba  rafacad  ta 
tha  prapar  aagla  aa  a  valva  rafaelag  macUaa. 
All  valvaa  havlag  beat.  wora.  ar  aarlawaly 
pittad  ttama  ahauld  ba  raplacad. 

Good  valva  raiaciag  afnipniaat  is  availabla 
•ad  aaarly  all  praaaat  day  ralacli^  asachiaaa, 
whaa  ia  prapar  adjuatuaat,  viU  grtad  tha  valva 
faca  withia  allewabla  ma* aat  apaciftcartaaa. 
TThay  glva  accurata  caatral  af  tha  faca  aagla 
.aad  predttca  a  amooth  flalah  aa  tha  valva  faca. 

Hagardlaaa  of  tha  afalpiiiaai  aaad,  tha  faca 
aagla  naat  ba  aat  aceurataly  ta  tha  aagiaa 
apacificatiaaa.  It  ia  daairahla  ta  ehhck  tha  faca 
aagla  aeeaaioaaUy  ta  aaaara  pva^v  adjaatmaat 
9i  tha  ma^iaa  aad  tha  grtadlag  H^aal  maat  ba 
draaaad  at  fra^aaat  iatarrala  ta  aiaiatala  tha 
corraet  aarfaca  Oaiah.  Ia  tha  raiaciag  apar* 
atlea*  aaiy  tha  ranaval  af  aalftciaat  OMtat  ta 
praditea  a  caatiaaaaaly  bright  awrfaca  ia  ra- 
qairad*  Tha  aaa     ttaa  cau  aaly  ia  aaaaattal 
la  tha  ramaval  af  dliatal  Iram  tha  faca  ta  p»a« 
vaat  avarhaatiag,  tha  paaaiMtlty  af  baadt^  tha 
valva.  ar  raaaaval  af  ascaaMvc  matal  which 


liartta. 
Tha 

tha  valva  faca  ta  aa  iadicatlaa  af 
tha  ralva  head  fran  tiha  caatar  Uaa 


af  gviadiag  aaaaaaavy 


tati 
avpaga  af 
af  tha  valva 


Caatlaaad  aa  aaat  paga 
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vilir«  M  it  it  grMa4«  iM^etftrn'tov  teftt  htadi 
im  m  May  matMr«  Tlit  fUM  ewtict  of  tiM 

«i|rM  of  lu«  •eetntricity  ttd  will  tUow  a 
doteraiafttlOB  ol  wlwtter  th«  rofmc«4  y«lv«  will 
hwfo  too  ttarrcw  a  mofgia  at  om  polat  or  «i 
oil  polaU  oround  tho  hood.  ri$.  62*  Volvos 
with  hoot  ttomt  or  worpod  hoodo  should  ob- 
viottoly  aot  bo  uaod* 

Whoo-tho  worpod  hood  of*o  volvo  io  ro* 
locod«  o  loifo  sdgo  will  bo  g rotmd  on  fiort  or 
^  of  tho  Yolvo  hood  bocoaoo  ol  tho  omoiat  of 
motol  which  aiuot  bo  romovod  to  cMiplotoly 
rofoco.  Moximun)  hoovinots  la  o  va^vo  hoad 
io  roquirod  for  atroagth  oad  to  provido  oa 
Urgo  aa  oroa  aa  poaoiblo  for  hoot  diaaipatioa* 
Kaifo-adgad  valvoa  load  to  broakoga  oad  warp* 
ago,   Saa  Fig.  6jL  Roplaca  aay  valvo  thot  can 
not  bo  aatiafactorily  rafocad  with  a  dafiaita 
margin  maintaiaod. 


WRONG 


WRONG 


CORREO 


■inn* 


Fig.  62  •  Exaxnplci  of  Improperly  R«{«c«d 
Valves 


Valv«  Rcfaciag  Proctdurc: 

*     U  Set  th*  vAlvc  rafftciag  fnaehia*  (rig.6l) 
to  tiM  «p«eifi«d  aagic  «ad  dr«sa  th«  gria^ag 

I,  IttMrt  *  v«Iv«  ia  tiM  chuck  and  Uk*  s  light 
cut  Met  Ota  itm  face.  Hep*  at  light  gr  lading  cut* 
Jtatfi-Atnt*  lac*  of  «v«a  width  4«  «%uia«d 
aroiui4  Um  valv«.  Avoid  taidag'  haavy  griadiaf 
ctttt  at  thia  ovarhcata  tha  valva  haad  prodaeiag 
•a  uaa^alactory  faca  aad  damagaa  tha  griad* 
iag  atoaa.  Avoid  paaalag  tha  atoaa  bayoad  tha 
ymhn  faea  aa  thla  eaaaaa  ridfiag  aad  grooviag 


e<  tha  atOM.  lUJaet  «U  valvaa  wliUh  pro^aeo 
uaavaa  facaa  or  which  griad  4owa  to  a  thia' 

tiaa  will  bt  elaarly  aaaa  aa  valva  ia  mrwmA. 
Do  aot  romovo  nsora  aaatorlal  than  ia  aaeoaaary 
to  ramova  tho  bumad  or  pittad  araaa  aad  trua* 
up  tha  valva  faca.  Radraaa  tha  atoaa  frafaaatly 
to  maiataia  a  amooth  avaa  aurfaca  aad  tho  cor- 
raet  faca  aagla. 


Fig.  63  -  Grinding  Valva  Faca  Angle 


3.  After  refacing  each  valva,  impact  the  end 
of  the  eteni.  If  wear  is  noticeable,  reface  the 
end  of  the  stenn.  Oo  not  remove  exceseiva 
material.  Rechamfer  if  neceiaary.  ' 


Refacing  Valve  Seate 

Tha  primary  purpose  of  a  valva  seat  is  to 
seal  the  combustion  chamber  against  pres- 
sure losses  aad  to  provide  a  path  to  dissipate 
the  heat  accumulated  ia  tha  valve  head  so  as  to 
prevaat  burning  of  tha  ssat  aad  warping  of  the 
valva  haad.' 

The  location  of  the  valva  seat  on  the  valve 
faca  aad  iU  w^th  co^rola  tho  aaiouat  ^  valve 
haad  that  protvudoa  iato  tha  eonbnatioa  eham- 
Mr.  tt  ia  ^vioiM  that  tha  graatar  tha  axposura 
within  tha  combuatiea  chaatbar.  tha  higher  tha 
valva  tamparaturo;  or  ia  o^ar  wovda,  tha 
mora  haat  it  will  coUact.  Hifh  valva  tampara- 
ture  aad  poor  heat  dissipation  also  produce 
aacoaaiv*  valvo  atafa  tomparafciraa.  This  will 
hastaa  tha  accumulatioa  of  carbea  on  tha  sterna, 
cauaiag  tham  to  stick  in  tha  guidaa.  ' 

Tha  locatioa  of  the  area  of  eeataet  batwaea 
tha  valva  aad  tho  seat  is  a  vary  important 


4 


use  vad««irahl«  k«CMs«  a  tug*  «v«tluttf  pr«« 
v«at«  rapid  coolly  of  thm  outar  •4mt  <at  tiM 
valw. 


fif .  M  -  V«lv«  FmittJM  Tm  rav. 


tha  avaraf  •  asA 

Tba  latalf*  ••«<•  aay  ba  

tiMB  tka  axhaiiat  aaata  baca^aa  ihay  ara 
Uffar  te  diamatar.  ThU  prairMM  a  talal 
avaa  appgaaimataly  a«ial  ta  tha  WteUav 
▼alva  wtth  tka  wtdar  aaat.  Aiaa.  tka  laaa 
haat  caaditiena  da  aat  ra^iira  aa  laxga  a 
avaa  far  haat  diaaipaftla«  parpaaaa. 


aavara 


rig.  64  -  Corract  Valva  Saat  Locatioa. 


Corract  arldUi  caa  ba  nlitilaid  hf  watag 
mlaf  ataMa  ta  hwlMg  tiM  aaata  ta  tka  ( 
•Irad  dlaMaaioM.  Saat  width  it  iapsftatt 
nalataiaiaf  a  good  aaat;  taa  wtda  a  aaat 
mlt  la  to*  law  a  ralva  eUalag  paaa 
▼aat  tha  fanaatiaa  jaf  f aea  t  aaat 
taa  aarraw  a  aaat/aay  caaaa  nifU 


aaat  ar  faca 


rig.  «S  •  Valva  Saat  Taa  Oaay  la  CijUadayHaad. 


Tha  valva'aaata  anwt  ba  gravid  tna  ta 
tiba  apadflad  aagta  aad.widdi  ahawa  la  '^ac- 
ifietftaaa".  Tha  width  af  tha  axhauct  aaat 


nuas  apacifleatiaaa  aad  tha  lataka  aaata  ahauld 


M.IIIOI 

Fig.  67  -  Valva  Saat  Width  ShaaU  Caafana  ta 
Spaaillaattaaa  aad  Caff  aa  ViAva 
raea.  ~ 
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or  f  roovlAi.  lUyid  Uc«  mmmt  or  «ro«v-. 

U««  «f  vtl¥«  Uah.  Sxcstsiv*  lea*  df  iMh 

a*Ar«ac«)  My  eaiM*  Um  v«1v«  to  hold 
vfmm  M  high  •sgia*  apMda  ud  that  Uad  to  •u>iy 


S«At  R«f«ciaf  Pvoe«4ttr«: 

I.  R«iBov«  all  x&rboa,  •c«l«.  wd  eU  Wor« 
ttCanptUg  to  roXaco  vmlv«  •otta.  Tha  g rindiag 
atoaa*  whaa  piacad  agaiaat  an.oUy  aaat.  will 
^■^"■i*  feiilad.  aad  oaovas  grindlkg  will  occur. 

2    Draaa  tha  atoaa  to  tho  corract  aagla. 
Lightly  lubricata  and  iaatall  tha  pilot  of  tha  cor- 
ract  slsa  into  tha  vaiv«  guida  bora. 
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NOTE;  Baiora  iAataUing  thjb  pUot.  bo  ear* 
taiBtEit  tho  valva  goidaa  ara  parfactly  claan  and 
maat  tha  angina  apacificationt.  Thia  la  impor- 
tant; otharwiao.  an  accantric  aaat  will  ba  cut. 


Tuna  M  tho  pawvr  aad  vary  gmUy  aOlow  tho 
at«M  to  eoataet  tho  ¥«lvo  aoat.  Vary  Uttla 
prAaauro  oilMr  thaa  tho  normal  woiglrt  of  tho 
atoiia  akooM  bo  uaod.  liuddon  hord  proooaro 
can  c^ttoo  eocMag  of  tiw  pilot  in  tho  gnido  aad 
raattlt^^  aeeantrie  grinding.  Raiaa  tha  atono 
froqaontly  from  tho  valvo  aoat  to  provant  ovor- 
haating  ^  to  elaar  away  grinding  duat.  Grind 
tha  aaat  a^ffieiontly  to  provlda  an  avan,  amooth 
aurfaco.  ^ 


•K  J^w'^'J^'V*^  tha\aonta,  it  may  bo  feoad 
that  tho  aaota  aiva  conaid4rably  widor  than  tho 
width  rocommoadod  in  thd  "Spocifieotieaa". 
ValTo  aaata  that  ako  too  wida  may  ba  aarrowad 
by  grinding  tha  topknd/or  bottom  adga  of  tha 
aaat  to  raduca  tha  wi4th  (Fig.  69).  Tha  finiahad 
valva  aoot  aheiUd  coaUct  tho  approximoto 
cantor  of  vnlva  faca.  ^o  raduca  ^  haight  of 
tha  valvo  aaat  uao  a  1»*  angla  atena  and  to 
raiaa  tha  valva  aaat  u«a  a  45*  aagla  atoaa. 


Fig*  68^  Grinding  Valw  S«At  Utlag  SE*1631 
8#ftf  Ofladittf  Equipnwnt, 


S*  Lower  th«  grinder  h««d  over  the  pUot 
«lMk  until  tht  ttMe  juttcltert  the  valve  te^t. 


AMOii 


UU  IS* 
STONf  Hni 

USi  4S* 

nONi  HRi 


HAT  WfOWV   /   ^W:-  p^f\_«AT  CIMTlifO 


fig.  69  •  Narrowing  Valva  Saat  Width*. 


*.  Chock  tha  valva  aaat  for  eoneantricity  or. 
rua-ottt.  Uao  dial  indicator  aa  ahown  in  Fig. 
70.  Scat  r«n-ott«  ahoold  net  axcaad  Umita 
shown  in  "Spaciacatioaa". 

6.  Chack  valvo  faca  cratact  uaii^  Pruaaiaa 
Blua.  Spraad  an  axtramaly  thia  film  of  thiablua 
on  tho  valva  faca  and  inaort  tho  valvo  into  ita 
guida.  With  praaauro  on  tha  axact  can  tar  of  tha 
valva  haad.  maka  a  quarter  turn  rotation  in  tha' 
aoat.  Rameva  the  valva  and  inapoct  tha  im- 
praaaion  mada  upon  tho  aiat  by  tha  tranafer  of 
bluaing,  and  upon  tha  valva  faca  by  tho  ramoval 
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lAH  eoMct  B9tm4  tiM  ottiM  cirel*  •! 
valv*  is  Mt 


ri|.  70  -  Chjbckiag  8«kt  Ron- Oat 


of  t»lu«lng.  Ckitfck  jt«v«r«I  Uaas  to  fuarast** 
that  no  arror  was  jmad*.  Tha  fiaishod  aoat  faco 


to  eoriwct  tho  wr«r 


..  H*  mor*  autovUl  

tkm         laco  tkan  U  ■•••••Ary 
to  tf«o  it  «y  amd  r—o y  tiM  kunoi  yttto< 
pertlfl*.  Now  vaivoa  akMM  a«t  ko  roiacod  k«t 
alM«M  ho  elMcfco4  for  tMOMoo.  Whm  m  oaiio- 
fociMy  mtok  of  vstiro  ooat  m4  valvo  Iteo 
aagloo  tea  Won  oMm4.  tte  o^fuotMat  oT  Mi 
tte  valvo  rofecor  aai  tho  coat  grteter  ahooU 
bo  lockoi  to  pooitioat  to  *"Tloitit  tkio  trial  aai 
orror  notM  for  tho  othor  valvoo  aatf  aoaU. 


JUaA  ol  vAlvM  U  sot  am^—m  te» 

h«M       ttM  •!  iMpiaff  eompowiid  la  aot  r«eoni< 
A  poor  f riB4  job  taiwot  b«  eorM«ta4 
•y.i»»iM-  A  aoar  paHact  taat  oftaa  tUnaa  ta^ 
daattoyad  by  atttmptlBg  to  tap  tha  valvat  to 
thair  aaata. 


tmhKUt  Vtlva  Rotatory 

Tha  axhauat  valva  "Slo-Hoto"  eapt  raqulra 
•pacial  attaatioa  wbaa  axhattat  valvat  «ra  r«* 
coaditioaad.  Tba  rotatiag  i^alra  (Sio-Roto  typa 
aa  muatratatf  in  rig.  72)  ia  uaad  to  raduea 
axhauat  valva  bttntiag  by  ihaarlag  off  any  da- 
poait*  which  might  colUet  qb  tha  valva  aaat. 
Howavar.  to  inaura  thla  valva  rotation  aad  a1>> 
low  for  valva  axpaaaioa.  tha  valva  atam  faca  to 
valva  cap  claaraoca  and  tha  valva  to  rockar 
arm  claaranca  muat  ba  maiata.aad. 


VAiVt  ITIM  AMO  CA^. 
{MjUJWitMPIO 


n\mom  m  m  contao 

WITNINOOPVAiVISTM 
SPtINO  RHAMM 


VAIVI  CA^ 


Fig.  73  -  UaiagSK.  1733  Valva  Gauga  for  Chack- 
tag  Cap  Claaraaca  with  Valva  laataUad. 


VALVI  TO 
ROCXfR.ARM 
CLEARANCi  ($f| 
SflONCATIONSS) 

CA^  TO  VAtVf 
STIM  CLEARANCE 

.001"  TO  OOS" 


SFRINO 


EXHAUST  VAIVE 


ROCKER  ARM 

sraiNO 

RETAINER 

Vil^lVE  CAP 


Fig.  71  -  Creaa-Sactional  Vi«w  of  "Slo-Roto" 
Valva  Cap. 

To  aaa  why  thi*  ia  nacaa aary  tha  priacipla 
of  oparatton  thould  ba  uadarttood.  tn  brlaf, 
tha  valval  rotata  whila  oparating  bacauaa  thay 
ara  frao  from  apring  taaaion  for  a  aplit  aacoad 
during  aach  up  and  down  cycla.  Whan  camahaft 
rotation  raducaa  valva  to  rockar  arm  claar- 
aaca to  aaro,  tha  cap  on  tha  valva  atam  cauaaa 
tha  valva  kaya  to  lowar  tha  apriag  ratainar. 
Thia  amall  movamant  raliavaa  tha  load  of  tha 
valva  apriag  from  tba  valva  bafora  tba  vdlva 
ttaalf  ia  lowarad  from  ita  aaat  and  parmita  tha 
**A*«  «o  To  accemphth  thii  tba 

^etfiad  claaraBca  batwaa«  tba  fbea  of  tba 

atam  aad  tba  «iBdaraid«  of  tba  cto  muat  ba 
mamtalaad.  Thla  ia  tba  dlataaaa  tba  apriag  ra- 
Uimt  ia  lowarad  bafora  tba  valva  ia  movad. 
Tba  valva  rotat^iag  motin  ia  cauaad  by  vibra* 
tioa  of  tba  valva,  tha  flow  of  axbauat  gaaaa 
M«l>i4  tHa  valva  baadt  md  a  aligbt  ^otatiag  mo* 


tioa  impartad  by  tha  valva  apriag.  Fig.  73  il- 
luataataa  tba  propar  matbed  for  chackiag  cap 
daayanca  with  valv  iii«t*>i^^  rig.  74  iUua- 
ti^WOi  tba  matbod  of  cbackiaa  can  ela>»it^> 

*T^"t  rtmm^. 


Fig.  74-  UaingSE-l73J  ValvaOaugaforChack- 
Ing  Cap  Claaranca  with  Valva  Ramovad. 


Siaca  maximum  aarvica  lifa  aad  afficianey 
of  routiag  axhauat  valva  a  ia  dapaadaat  oa  tha 
maiatanaaea  of  tha  corract  cap  claaraaca.  tha 
adjuattaaat  ba«omaa  moat  importaat.  Ia  aar- 
viea  tbia  claaraaca  norm  ally  iaeraaaaa  bacauaa 
of  waar  ta«aad  by  impact  of  tba  balf<*moott  kaya 
agaiaat  tba  abouldar  <m  tba  valva  atam.  A  a  tba 
cap  etaaraaea  ii^raaaaa  ao  alao  doaa  tba  rata 
of  waar  iacraaaa  bacauaa  of  bardar  Impact  from 
longar  kay  tr»v«l.  To  dacraaaa  on 
ramova  aoffiolaat  matarial  from  lowar  fkerof 
•kirt  of  cap  to  aatabliah  propar^limita.  Whan 
ragrouad  or  now  valva  a  ara  tnataUad  aad  it  ia 
aacaaaarv  to  ineraa«*  e>o  clm^,An^»  n  wlU 
ba  aacaaaary  to  griad  tha  valva  atam  faca. 
Zf  tha  valvaa  hava  baan  in  oparatioa  ovar  an 
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•Ctm<  A«  lw|  tli#  correct  cU#fMC#  (m^ 
'*Sp«cificauoAa*')  is  mauitaiafd«  this  wMr  is 

Valv«  k«y«  mutt      iatuU^d  with  thm  mm^t 
(mcing  tiM  san*  4ir#ctim  (Fig*  T5).  This  will 
•limiaAt*  eockimg  of  th*  tpriaf  r«tmiatr#  Haw« 
myr,  both  valv«  ktyt  may  b«  r«v«r««d  (worn 
•ido  tumtd  4own)  to  utilist  th«  unworn  faco  of 
tho  koya  providod  th«  •poclfiad  cloaranco  is 
maiataintd. 


KEY  WUR 


mm 


RIGHT  INSTALLATION  WRONG  INSTAUATION 

Fig'  75  -  Right  and  Wrong  Vaivo  K«y  la* 
•tallation. 


Sy^^upi  C9Qlsd  Vt^v^s 

Sodium  coolod  valvos  ar«  vory  much  liko 
convsntioaal  valvts  in  hppaaraact,  and  thoy  aro 
••rvicad  and  sdjustod  for  tha  angina  in  th«  aaxna 
mannar  4s  covartd  in  tha  foragoing  paragraphs* 
CAUTION:   Whan  it  bacomas  aacassary  to  dis* 
posa  of  todiuzn  coolsd  valvas*  thay  should  ba 
burisd  whors  thay  can  ba  laft  indafinitaly,  Ba- 
csust  of  thair  sodium  contantt  thsaa  valvas 
must  not  ba  cut  opan  indiscriminstsly. 


Mafekar  Arm  Aaaamhlv 


iocnn  mms  joint  m 

miiwjli     Mki  <fi  it'i  n 


sinvi  oewft 


Fig*  76  -  Rockar  Arm  Asaamhly. 


Tha  rockar  arm  atiamhly  •hould  ba  com- 
plataiy  diaaasamblad  and  thoroiathly  daaaad 
and  inapaetad.  Tha  aasambly  touiata  of  tha 
rockar  arm  shafts ,  shall  mouMiag  brackata^ 
rockar  arma*  and  tantton  springs  for  main- 
taining propar  distanca  hatwaan  rockar  arma. 
Whan  ramoving  rockar  arms*  springs  and 
mounting  brackats  from  shafts,  kaap  all  parts 
in  ordar  so  that  if  in  satlafactory  condition 
thay  will  b#  ratumad  to  thair  originnl  poaition. 

1.  Rsmova  rockar  arm  shaft  mounting 
bol^s  sad  flat  waahors  from  brackats  and  sap- 
arata  foraard  and  raar  s^afta  from  cantar 
brackat.  Ramoiro  brackata*  aprings.  and  rockar 
arms  from  shhfts.  To  ramova  ahalts  from  and 
brackats.  driva  roU  pina  from  brackats. 

2.  Claaa  all  part  a  thoroughly  in  claaning 
solvant,  making  sura  all  oil  passagaa  ara  opan. 
rormatian  of  sludga  in  oU  pnaaagas  of  rockor 
arms  and  shafta  will  raatrict  oii  flow  to  rock- 
tr  arm  bushings  and  valvas. 


RfstfirMy 

Aft*r  rcconditioniAg  oparatioas  hsva  b««n 
p«rform«d*  thoroughly  claaa  valvas  and  valva 
•  a  at  ■  with  claaning  aolvaat  to  romov*  all  dirt, 
griadiagt  or  othar  feraiga  nsattrial.  Coat 
valva  attma  with  aagiao  oU  and  laotall  valvaa  ia 
th«  aam*  wvf  to  wUek  tiwy  wor«  chockaj.- 
PUea  aprivg  damyor**  ^riag«.  oU  d«fi«et«ra 
<iataha  valvaa).  and  apriag  ratfttoora  liM  peai- 
tioB.  C«mprao«.valv«  •pti»§  witii  apriag  «oib- 
praaaor  tool  asd  iMtaU  vatva  kaapora.  So  avro 
apriag  rttaiaara  aad  fcooport  ar«  eorrocHy 
•aatad.  Aftar  valvot  hava  baaa  aaaomUad  to 
tka-ltasd  tsataU  tlw  valvo  rotator  eopo  to  tho 
aahaaat  valvaa  to  which  thoy  wara  chochod. 


CTS-202>-2 


3.  laopoet  roekar  arm  aUait«  for  woar  fraan 
rockar  arma.  Chock  ahaftaoa  a  flat  aurfaco 

for  baiAg  boat  or  warpod.  Raplaca  shaft  if  Wat 
or  wom-ajwassivaly. 

4.  Chock  rockor  arm  baahiag  for  propor 
daaraaca  to  ahail.  Rofo^  to  "^clfteatioao". 
If  buahiaga  ara  worn  boymd  Umita*  raplaco 
roekor  oriB*. 


S.  U  rockor  arm  ahalt  baakiaga  aro  aatla- 
factory  for  ro«ao,  iaapaet  volvo  atoai  coatoct 
•urfteda  ol  roekar  ama.  Rot«rfaeo  i|  wocr  io 
ladlcatod.  Do  aot  romovo  moro  tha«  .010"  of 

«^iMa  Na«rlMliig  rookor  am«< 
placo  rockor  arms  kaviag  moro  thas  .010  woar. 
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lUfMt >oelnr%vni  arijuMtef  term  far 


,  .—  til  »Ut^Hf  „   

MyUe«  tmf  that  art  dofaettva. 

•.  t(  a«c««aarr  to  rcpUA*  •vpuialoa  plug* 
lA       moai^iBt  brmclwt*.  ia*t«U  tthif  to  4iia«a- 
tloa  thofim  ia  Plf .  77. 

9.  Attonblo  recktr  ftrm  •h«fta  to  oad 
Mwitaf^vMiwu.  AliM  omaU  aoleh  Mar  osd 
of  shall  with  roll  pia  holo  ia  braekot.  Soo  rif . 
77.  laotaU  roll  j^ria  wtth  alo*  «way  from  rockor 
arm  tliaft. 


Fig.  7S  XChdckiag  Path  Rod  for  Straighflaoao 


ROU  PIN 


SHAFT 


EXPANSION 
PLUG 


BtACKET 


m.4090 


Pig.  77  -  laotallatioa  of  Rockor  Arm  Shaft  to£ad 
Support  Bracket. 


10.  Lubricato  rockar  arm  buahiag a  with 
ongiaa  oil.  Ataomblo  rockor  arma.  apriaga 
aad  brackata  to  rockor  am  ahafta.  Ba  aura 
to  poaitioa  brackat  with  oU*faad  paaaaga  to 
iadoa  trith  oil>faod  hola  la  cyUador  hoad  (third 
irotn  front). 


AoaomWo  mooatiag  botta  airt  waahora  to 
•haft  brackata. 


Path  Rtftf  ■ 

lit  valva  tlftar  puah  roda  for  atralght- 
■oaa  by  roUiag  oa  a  flat  aurfaca.  Soo  Pig.  7i. 
Chook  piiab  roda  for  looao  or  worn  aada.  Ro* 
ptaeo  tay  roda  which  aro  baaf*  hava  looao  aada. 
Q9  ara  vora. 


Yalva  LlA«r«  ITmnj^tm) 

fiaapoct  oach  of  tho  1 2  aagiaa  valvo  llftora 
(tappota)  for  axcotaiva  or  irragolar  woar,' 
chippiag,  cracking,  or  acoriag.  Chack  Uftar 
ninalag  claaraaca  la  block.  (Sea  "Spacifica* 
tlooa").  Raplaca  any  that  may  bo  dafactlTa. 


OIL  PUhCP 

Tha  oil  pump  ia  of  tho  gaar  *yp9  (Pig.  79), 
aad  oparataa  on  tha  priadpla  of  diaplaconaat; 
that  ia  tha  toath  oa  oppoaiag  gaara  diaplaca  oil 
coataiaad  botwoaa  tooth  oa  oppoalu  gaara. 
Siaca  tho  oil  ia  coaflaad  to  tho  apacoa  bo^aoa 
tha  taath  by  a  cloaa  flttlag  pump  body  aad  covor. 
praaauro  roaulta.  Bocauaa  tha  pump  ia  aimpla 
in  doalga  it  uaually  roqulrao  littlo  aorviclag; 
and  aU  othor  itoma  of  tho  labrleatiag  ayatom 
ahottld  bo  chockad  boforo  dotormiaiag  that  tho 
pump  ia  at  fault.  As  uadorataacUag  of  how  tho 
praaauro  labricatlag  ayatom  worka  aad  how  tha 
oU  pump  oporataa  ahould  ba  raaliaad  bofora 
goiag  ahoad  with  pump  aorvico.  Tbla  will  aloo 
h«ilp  ia  finding  maay  treablaa  which  occaaiaaal- 
ly  dovalop  ia  tho  oaglaa  or  avon  in  tho  pump  it- 
aoU.  Coaaoetlag  rod  aad  maia  boarlag  faUvroa 
caa  aomotimo  bo  attrlbutad  to  tho  oil  pump  for 
othor  roaaoaa  thaa  a  lack  of  o|^.  Por  axamplo. 
tho  acraachoa  or  flakod  out  aroaa  aomotitiioa 
fouad  oa  aagiaa  boariaga  caa  bo  caaaod  by 
iroa  or  atool  partlcloo  that  havo  boaa  wta 

A  bri^  daacftptiaa  of  tho  lahHcatiag  tyMom 
aad  oil  pump  oporatiea  followa: 

OU  ia  tho  labricatlag  ayatom  la  pompod 
from  tho  oU  paa  by  moaao  of  tho  oU  pump  iato 
«;>••«»•*»•••  «*1  i»Uo*y  or  oa  Maoa,  a  oaf. 
ficioat  ^aatlty  ia  dolivtrod  to  provido  aa  ado- 
qoato  aafoty  factor  ao  that  whoa  aagiao  woar 
occura  thoro  will  atUl  bo  oU  aad  praaauro  ia 
roaonra.  To  provoat  tho  aacoaa  ott  thaa  pro- 
vided from  boiag  forood  through  tho  boariaga  or 
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Fig.  7f  -  Oil  Pitav 


r«ttrict#d  oil  holtt,  a  by-paa«  rtlUf  va1v«  i* 
inctAll*d  In  th«  •ytt«zn.   This  r«ll«i  vilvt  1« 
•priag •loaded  to  m  to  roxnaia  closed  uatU  4 
pr«d«t«rinin«d  prstsuro  is  rVschsd.  At  this 
prsssurs  ths  sxcsss  oil  dsUvsrsd  by  ths  oil 
pump  will  b«  by-^passsd  to  ths  oU  psa  without 
,  going  through  tho  bsnrings  or  oil  filtsr  unit. 

Whsn  bssring  ws«r  is  so  grsmt  thnt  tho  full 
pump  dsliysry  is  forcsd  through  ths  bssriags 
snd  rtatrietsd  oil  holss  with  no  oil  bslng  by- 
pnsss^,  thsn  s  point  hss  boon  rsnehsd  whsn  fur- 
thsr  bsaring  wsar  will  cnuss  s  rsducticn  in  ths 
oil  gsugs  prssturs  reading.  Sines  ths  oil  pump 
hns  n  Urgs  r  espncity  thsn  is  normnUy  r sifuirsd* 
considsrsbis  bsnring  wssr  can  rssult  bsfors 
thsrs  will  bs  any  noticsabls  rsductioa  in  ths 
gaugs  prsssurs.   U  howsvsr.  ths  oil  pump  ca- 
pacity is  rsducsd  bscauss  of  snesss  wsar  in  ths 
pump  asssmblrff.  and  ths  output  of  ths  sump  is 
closs  to  ths  normal  rsquirsmsnts  of  ths  sngins. 
thsn  a  rslativsly  smnll  amount  of  bsmring  wsnr 
will  rssult  in  rsducsd  oil  prsssurs  gaugs  rsad- 
ings.   Ths  following  itsms  should  bs  sspocially 
looksd  for  whsn  chschlng  ths  lubricating  sys- 
tsm. 

1^  Impropsr  running  clsarancs  at  sngins 
bsarings. 

2^  Wsaksnsd  oil  prsssurs  rslisf  spring  or 
ths  rslisf  valvs  stuck  opsn. 

3.  Cracks  ia  ths  mnin  oil  gallsry  or  Isaks 
at  othsr  placss  nlong  ths  oil  passags  ways. 

A  study  of  how  tho  oil  pump  9pmntm$  (Fig. 
tO)  shows  that  prsssurs  is  doiroiopsd  by  drawing 
oil  from  ths  oil  pan  iatQ  ths  pump  body  at  ths 
ialst  and  passing  tha  oil  arouad  ths  outsida  of 
ths  oil  pump  gsars  to  tha  outlat  or  prassurs 
sids,  Trom  hs rs  ths  oil  is  supplisd  undsr  prss- 
surs to  all  compmsats  of  ths  sagias  lahrlcatlag 


eoa^on  sf  ths  aU  yrsssara  ragatttiag  rmlrm 
and  spring. 


Fig.  10  -  OU  Flow  Through  Csar  Typs  Oil 
Pump. 


Ths  prsssurs  build*up  on  ths  outlat  aids 
of  tha  pump  snsrts  prsssurs  against  ths  oil 
gsars  towards  tha  ialst  sids  of  tha  pump*  Aa 
tha  pump  drivs  shaft  and  its  baariag  ia  tha  fil 
pomp  body  waar*  tha  clsaraaca  batwaaa  ths 
out  sids  diamatsr  of  ths  gsars  sad  ths  body  dim* 
inishas  gradvially  on  tte  ialst  sida  aad  iacrsasss 
on  tha  outlst  or  prsssurs  sids. 

Aftsr  csasidsrabla  opsration«  ths  spseiaa4. 
or  original  body  to  gaar  clsariaca  will  da- 
crsasa  sb  tha  ialat  sida  of  ths  pump  until  tha 
gsars  may  actually  rub  agaiast  tha  housing. 
Whsa  this  happsna.  soms  matal  partlclas  ars 
ramovad  from  both  parts.  A  part  af  this  mstal 
is  immsdiataly  eirculatad  with  tha  oil*  S#ma 
of  this  motsl  will  bs  stoppod  by  tha  filtsr  If  it 
is  kspt  daant  but  tha  damago  rosults  if  say  af 
thass  p^rticlas  gat  to  tha  mala  or  €4 
rod  baariags. 

Aaothor  all^ct  of  ths  mbbisg  of  oil  pump 
gsars  agaiast  tha  oil  pump  body  is  tho  la* 
crsaaad  wsar  and  laad  m  tkm  pump  itaalf*  TMs 
rasults  ia  possibla  brsakags  af  tha  oil  pump 
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4rtv«  g«4rt  ftt  th«  top  of  th«  punp  ahaft  and  cm 
tho  CMitlMft.  Th«  loitd  OB  Uio  4riv«  la 
fttfltlMr  A*mM4  by  in«tal  paitlelaa  loaging 
batwooB  tho  pvaup  gaav  taath  aad  alao  batwaan 
th«  lowat  anda  of  tha  pomp  gaora  aad  tha  pomp 
covor.  Thia  will  eauaa  acoriag  of  contact  aur- 
facaa.  addltioBal  frtctioa.  and  aaaUy  ovar' 
haotifig  of  tha  oil. 

Tha  abova  conditiona  may  not  ba  aacouat- 
arod  avary  tiaa  aa^aaglBa  la  rabuilt:  hewarar. 
tha  affacta  raauitlng  from  a  nagiaetad  oil  pump 
ara  aarioua  aaough  to  warrant  a  thorough 
claaaiag  aad  laapactiaa  of  tha  pump  whaaavar 
aa  oil  paa  la  raraovad  for  any  aaglaa  rap«ir. 

StrrUt-   Tha  racommaadad  iaapaction  aad 
rtpair  procaduraa  ara  aa  follows: 

1.  Wash  «11  puisp  parta  aad  oU  iataka 
•craan  aaaainbly  la  claaalag  aolvaat. 

2.  With  puznp  covar  ramovad  aad  gaara  aad 
■haft  ia  placa.  axart  praaaura  agalaat  tha  gears 
with  tha  thumb  ao  aa  to  push  tha  gaara  toward 
tha  outlat  aida  of  pump. 

3.  Whila  holding  tha  gaara  la  thia  maaaar, 
maaauro  tha  claaraaca  batwaaa  outalda  dia- 
matar  of  gaar  and  bora  of  housing  (Fig.  81). 
Claaraaca  ahould  ba  within  tha  limita  givaa  la 
"Spacificatioaa". 


USIm  OU  Pttm  covw  gMkata  costMl  elMT. 
aaca  (aad  play)  batwaaa  pnap  body  gaara  aad 
pu«p  covar.  Add  or  romovo  gaakata  to  obtala 
daalrad  claaraaca.  (Soa  "SpociilcatiCBa**.) 

t.  Whaa  laataUiag  punp  gaara  aad  ahaft. 
parta  ahould  bo  oilod  Ubarally  with  aagiaa  oU 
for  iaitial  pump  lubrlcatioa. 


9.  laatall  pump  driva  gaar  oa  ahaft  and  la* 
ataU  dewal  pla.  Whaa  laatalling  a  bow  ahaft. 
It  will  bo  aocaaaary  to  drill  a  I/*  inch  dla* 
f"*iV  *Mn«naloB  ahowa 

ia  rig.  82,  r 


Fig.  82  -  Oil  Pump  Oriva  Gaar  lastaUatioa. 


Fig.  41  -  Moaauriag  Pump  Gaar  to  Body 
.  Claaraaca 


4.  If  claaraaca  ia  mora,  obtaia  aaw  parta. 

9.  Chack  pump  ahaft  claaraaca  la  bora. 
To  corraet  for  waar,  bayend  limit!  givaa  la 
"SpOGificatloaa".  raplaca  pump  aaaarobly. 

6.  Chack  backlaah  batwaaa  pump  body 
gaara.  If  thia  axcaada  figura  shown  la  "Spac- 
UUatloaa",  raplaca  gaara. 


10.  Placa  new  "O"  riag  aaal  oa  scraaa  aa- 
sambly.   Lubricate  aeat  with  angina  oil.  As- 
samblc  acraan  to  pump  carefully  to  avoid  dam- 
agiag  seal.  Install  cottar  pin. 


OIL  PAN 


Tha  oil  paa  should  ba  thoroughly  cleaned  ia 
solveat.  Ramova  aU  old  gasket  material  from 
tha  oil  paa  flaaga. 


laapact  paa  for  cr^cka  or  daformattoaa. 
Weld  or  repair  aa  aaadad.  Chack  tha  mounting 
flaago  carafully  to  mako  sura  it  will  make  a 
tight  aaal  whaa  laataUad  oa  craakcaaa. 

Check  oil  paa  drain  pt\ig  ^ad  drain  plug  boss 
for  fit  aad  thraad  wear.  If  tha  plug  la  looae  or 
tha  thraada  are  damaged,  repair  the  thraada  or 
raplaca  the  oil  paa. 
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OIL  rXI«TSll 


n  flliir  iliiwt 


Th«  fuU^aow  oil  filMr  utilise  •  a  P^9^Tt 
mMt  which  filters  all  oil  Mttriim  th«  wgias 
«U  f  nn  the  oU  pimi».  Tta»  oil  filter 

baao  contaiaa  Mro  vmlvos.  Ths  prooouro  rog- 
ulalar  (high  protturo)  v«lvo  eoati^t 
oil^roosuro  in  tho  tyttem.  Tho  filter  bf^pMs 
(1^  pro»0ttr«)  valvo  psnnite  oil  to  by^pait  tho 
Utor  if  tho  filter  oloinoxit  bocomst  €loggod» 
^•rsby  maiatsiaiag  a  supply  of  od  te  tho  sagiao. 


Fig.  83  -  Oil^Filtsr. 


The  high  preasurs  valve  controls  the  max* 
imum  oil  preaaure  in  the  ayatem  at  50-55  pal. 
Oil  relieved  by  the  regulator  valve  ia  directed 
back  into  the  oil  pan. 

The  low  presaure  valve  by*paaaea  oil  to  the 
engine  oil  paaaagea  when  filter  element  be* 
cornea  contaminated  and  operatss  at  12*15  pai 
prsaaure  differential.  Oil  preasurs  in  the  main 
oil  gallery  is  dstsrmined  by  the  pressurs  reg- 
ulator valvs  less  the  oil  pressurs  drop  through 
the  filter  elemiat.  Approximate  pressure  drop 
with  a  nsw  element  ia  1  to* 2  pai*  As  filter  sls^ 
ment  becomea  dogged  oil  gallery  pros surs  coa* 
tiaues  to  dr^  uatU  12-15  psi  diffsrtacs  ia  pres- 
aure ia  reachsd.  At  this  poiat»  low  pressure 
{by- pass  ^  valvs  porsaits  tho  oil  te  hf^pass  tho 
fUter  slomoBt  aad  satsr  ths  saglas  oil  gallsry 
uafiltsred.  ^  ^ 

-^Ths  high  prsssurs  (preasurs  rsgulator) 
valve  aad  tho  low  presaurs  (bypaas)  valvs  caa 
be  identified  by  ths  Isttsra  ''H**  aad  **L"  adjacsat 
te  ths  valvs  horss  ia  ths  filtsr  bass* 


^^HB^agario^ 
ly  190a  tte  tfjf^  of  opSffsHoa» 
road  coaidiHoas,  morhSB<rs]  csndtttam  of  oa* 
gaaratti  fMlily  or  typo  of  ott  M« 
rUtof  oloaoBi  111^  eattok  bo  dotenaiaad  br 
miloaga  or  hoars  of  opomttoa 


AoaM  chngiag  tho  oil  filter  olomoat  bo 
asgloctod  li^oa  tho  carteidgo  bocooios  fiUod 
with  coatsMiaaats,  tho  filter  wtU  coaao  te 
ttsa*  poroiWtaf  uaflXtero4  oU  to  sater  oaglM 
aa4  cootaailaaate  te  acoaaMlate  wtUda  tte  sa« 
giao.  This  will  shortoa  tho  Ufs  of  lataro  slo« 
nmte  aad  asw  oil,  uatil  saoh  tlaM  as  tho  oagiao 
is  agaia  eloaa. 


Procsdiirs  for  Ssrvicias  ths  Oa  Tiltmr  im  ^e 
rollowei 

1.  Roroovo  draia  plug  ia  bottem  of  filter 
body,  aad  draia  oil  from  fUur.  Rsiastall  draia 
plug. 

2.  Loosoa  filtsr  body  rstalaiag  bcUt  aad  ro- 
movo  filtsr  body  aad  slomsat.  Chock  co^tioa 
of  filtsr  body  to  bass  gaskst;  rsplaco  if  aocos» 
sary. 

5.  Wash  filtor  body  ia  cloaaiag  flaid  saahlag 
suro  all  tho  ssdimoat  is  removod  from  iasido  of 
filter  body. 

4.  Poaition  nSw  slemsnt  on  filtsr  bass  with 
asal  in  snd  of  element  away  from  base,  aa 
ahown  ia  Fig.  84. 

CAUTION:  Element  muet  be  eeated  oa  pilot  of 
filter  bass  to  avoid  damaging  element  when 

filter  body  ia  inatalled. 


Pig.  t4  -  Sscttoaal  Visw  of  OU  PUter. 
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^••#mbly  to  filur;  m4k«  %mt%  filter  body  toati 
on  eotl  in  filttr  b4«e.   Tighten  fUttr  body  rttAin^ 
lag  bolt  to  fpecified  torque, 

6.  Stmrt  engine  and  run  for  4t  least  five  min* 
utee  to  warm  oil  and  check  for  leake. 

7*  Check  engine  oil  level.  Lubricant  capa* 
city  of  the  full  flow  oil  filter  it  approximately 
one  quart. 


ih 


^  reepective  boree  with 

email  end  of  epringe  over  thouldere  of  valvee. 


,     Sgrvicinf  Oil  Filter 

At  the  time  of  engine  overhaul,  the  oil 
filter  aeeembly  should  be  thoroughly  cleaned 
ind  inspected.   Replace  any  parts  thowing 
wear  or  damage.   Disassembly  and  reassembly 
instructions  are  outlined  below.   Work  area 
should  be  clean, 

I.    Drain  oil  from  filter.   Remove  filter 
shell  bolt  and  separate  ihell  from  filter  base. 
Remove  And  discard  filter  element. 

Thoroughly  clean  filter  •hell  and  ex- 
terior of  filter  base. 

3.    Remove  spring  retaining  ring  from  high 
pressure  {•  H**)  valve.   Look  for  small  tang  on 
spiral  type  retaining  ring  and  pry  ring  toward 
cvnter  of  valve  bore.   After  ring  has  started 
from  valve  bore,  pry  with  screwdriver  between 
valve  bore  and  ring  until  ring  is  completely 
removed  from  bore.   On  filters  that  have  snap 
ring  type  retainers,  use  snap  ring  pliers  for  re- 
moval. 


e60j_4ujf£_jaei^ 
doi^  Mn^M  cm  * 


I 


%Mr€r  srf#L  m  ~ 


Fig.  85  *  Spring  Compressor  Tool  to  Assist 
Vilve  Spring  Retaining  Ring  In- 
stallation. 


in 


CAUTTOn-    Cover  valve  bore  opening  with  wip* 
mg  cloth  prior  to  complete  removal  of  valve 
spring  retaining  ring  to  keep  valve  components 
from  scattering  and  to  avoid  possible  injury. 

4.  Remove  low  pressure  ('*L'*)  valve  com- 
ponents.   Use  procedure  given  in  step  3  above. 

5.  Clean  valves,  valve  springs  and  valve 
bores  to  remove  accumulation  of  dirt  or  foreign 
mnterial. 


6.  Inspect  valves  for  wear.  Replace  if 
w«ar  ie  indicated.   Test  springs  for  proper  ten* 
sion.  See  ^Specifications*'.   Replace  eprings 
showing  improper  tension,  wear,  or  damage. 

7.  Insert  valves  **H**  and  "L**  into  their  re* 
spective  boree.   Install  high  pressure  and  low 


8.  To  assist  in  installing  valve  spring  re- 
taining rings,  a  tool,  as  shown  in  Fig.  85.  can 
be  madi  locally. 

9.  Place  filter  base  in  drill  press.  Place 
plate  of  spring  compressor  tool  over  spring. 
Place  retaining  ring  over  tool.  Align  tool  with 
chuck  of  press  and  depress  spring  into  valve 
bore  until  top  of  spring  and  plate  of  tool  re- 
cede below  retaining  Xing  groove.  See  Fig.  86. 

10.  faietall  retaining  ring  in  ring  groove, 
making  eure  it  is  correcUy  seated.  ReUeve 
press  preesure  on  spring.   To  remove  com- 
pressor tool,  press  on  tool  and  tip  to  side  and 

remove. 

11.  Install  new  filter  element.  Install 
new  filter  sheU*to-baee  gasket.  Aaaemble 
luter  ehell  to  base  and  install  shell  bolt. 
Tighten  bolt  to  specified  torque.  See  "Torque 
Chart'*  on  page  7. 


CTS.20i3-B 


Ik 


MOTm  TRUCK  S£RVt<S  MANUAL 


rig*  86  •  fafflUm  V«iv«  Spring  R«taiaiAg 
Ring 


FLYWHEEL  AND  R^NG  GEAR 

CUan  thm  flywh««l  and  ring  g«ar  with  cl«aa- 
ing  «olv«nt*  r«nioviag  ail  trac««  of  oil  and 
graata.  latpact  flywhaal  for  cracka,  haat 
chack.  or  othar  dafacta  that  would  mafca  it  un* 
fit  for  aarvica.  laapact  tha  flywhaal  ring  gaar. 
If  taath  ara  damagad  or  if  ring  g«nr  la  looan 
on  flywhaal,  raplaca  ring  g«ar.  Chack  fly* 
whaal  mounting  bolt  holaa  for  waar.  Alao 
chack  mounting  faca  of  flywhaal  for  looaanaa*. 

To  raplaca  tha  flywhaal  ring  gaar«  haat  tha 
gaar  with  a  torch  and  ramova  it  from  tha  fly* 
whael  with  a  hammar  and  drift*  Haat  tha  aaw 
ring  geir  with  a  torch,  haating  tvanly  all  tha 
way  around.  Whila  gear  it  hot»  Inatall  it  on 
tha  flywhaal  and  allow  it  to  cool. 


MANIFOLDS 

Intake  and  exhauat  manifolda  ara  boltad  to- 
gathar  ae  a  unit,  and  muet  ba  furthar  dia- 
attambled  for  earvica  or  raplacamant.  To 
•aparate  the  manifolda,  ramova  tha  bolta  and 
nuti  from  tha  cantar  taction  of  tha  aaaambiy. 
Tha  intake  manifold  haa  a  threaded  inlet  to 
fumiah  vacuum  for  accaaaory  unite. 

Clean  tha  manifolda  of  all  carbon  dapoaita 
and  inep#ct  cnraliilly  for  arncfca  and  avidanca 
of  laakaga.  RapUc«  My  cracked  or  dnanagod 
parts.  Place  manifolda  <m  aurfaca  plata  or 
uaa  itraighttdga  to  chack  for  warpag Xf 
•lightly  warp#o*  true  up  on  aurfaca  grinder^ 
Xf  warpad  mora  than  l/il  incht  raplaca  man* 
Uold. 


UmimA 


mnily  It  daaa  mm  rm^ftiwm  rapliiramat  wlaaa 
it  bacamia  lanparattira  dna  to  awaaaiva  cat* 
raataa  w  daaMga. 

batmctlaaa  far  rapUcteg  tha  haat  caatrd 
▼alTC  ara  aa  fallawa: 

1.  aaparata  intaka  and  avhauat  maaifalde. 

2.  Baf ora  ramoving  tha  coatral  valira  nata 
paaittaa  af  cowtara^ight  im  ralatlaa  ta  wmbm 
pUta. 

3. ,  Ramova  tharmaatatic  aprlng  fran  Md 
of  ahaft« 

4«  Uaittf  a  haekaaw  blada  ar  acatylina 
torch,  cut  tha  abaft  on  both  eidaa  of  the  valve 
plata.  Remove  tha  valva  and  ahnll  piacaa. 


CAUTION:  Avoid  damaging  abaft  baaring 
boraa  when  cutting  abaft. 

9*  Clean  tha  buabinga  af  corroaic^  and  ra- 
pair  any  danega*  RapUce  tha  buahing  if  nac* 
aeaary.  Whan  naw  baahingg  ara  inataUad, 
thara  abould  ba  a  diataace  af  2-9^  lacbaa 
frmn  tha  iaaida  edga  af  ana  baabiag  ta  Oa  In- 
aida  adga  of  tha  otbar  boehing.  Tha  baabiag 
■bottld  aqually  ba  apacad  wltldn  tha  baraa. 
Aftar  inatall  ationi  inalda  diametar  af  bn thing 
ehauld  ba  *3175  -  .3 189.  Raam  if  nacaaaary* 

6.  Inaert  new  abaft  through  tba  buebiaga 
and  naw  valve  plata.  Lubrfeata  tha  ehalt  and 
buabinga  with  a  miaoura  of  panatraiing  oil  and 
graphita*  With  valve  la  «^at->on**  (claaad) 
poaitioa,  rotate  ehalt  until  countarwaight  ia  in 
correct  location.  Saa  Fig.  47. 


rif .  17  •  DmU£L»  of  li<tta«ld  Hm«  Caatr^ 
Valv« 
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7.  TMk  ««14  tiM  valv«>ltt«  to  tte  tk^iu 
th«B  inov*  thm  Ms«i»Uy  bftck  and  forth  to 
chMk  iot  Madiag.  U  thor*  km  ao  Madlat. 
w««  th*  valvo  to  th«  thMit  ia  tho  origiaL 


•.  lattaU  th*  tlMrmoctatic  •pria*  ia  tho 
•haft  vlot.  Wla4  th«  tpriag  about  to  3/4 
turn  m4  hook  th«  ond  of  th«  •priag  ovor  th« 
•top  pia.  Th«  ■priay  thoold  hold  th«  valv.  « 
th«  cloatd  or  "h^at-oa"  po^itioa  (th«  prop«r 
po^itioa  to  dir«ct  flow  of  oxhau^t  gai««  iito 
th«  hoat  ri^«r).  * 

9.  Lttbrieat*  th«  bo«iilaga  whU«  op«ratiat 
th«  v«lv«  m«Rtt«lly  to  r«plac«  lubricant  loat 
by  th«  welding  op«  ration. 


U  th«  thormottat  ia  baUavad  to  Ibactioa 

Ra«a  iha  thamoatat  ta  a  pST^wSfr  l£Sl^ 
^  watar  aad,  ualaa  aa  aeeu».^  mT!!!:  •* 
chack  tha  u^^mSJT^^  thanaomatar. 

SiS  *** Tha  thamioatat 

•hoald  atart  to  opaa  at  tha  apaciflad  tamoara. 

T/IJlZ"  ^  If  thaVS^STtat 

i«  .dafactiva.  It  muat  ba  raplacad. 

Whaa  iaaUUiag  tha  tharwoauti  poaitloa 
tha  valva  aad  of  tha  tharmoaut  iato  tha  wTtar 
outiat  houalag  and  ».fca  th.rmo«« 7^ 

w"?r*;«2:?  T  —-wig 

watar  ouUat  houatag  to  cylladar  haad. 


Aiaamhli»y  MliUfTTilt 

*»««™Wlag  iataka  and  axhauat  man- 
uolds.  it  !•  important  that  thay  bt  aligned 
proparly.    Thi»  can  ba  accompliihad  aa 
follows: 

.L*  intaka  manifold  to  exhaust  man- 

ilold  using  naw  gaaket. 

2.  Inatall  intaka  mam^old-to-exhauat*ma«- 
ifold  bolts  and  nuta.  but/flo  not  tighten. 

3.  Aasamble  manifolWto  cylinder  haad 
with  intake  manifold  pilot  /inga  in  position. 

4.  Inatall  manifold  mounting  bolts  and 
tighten  only  snug.   This  will  »Xign  manifolds 
with  correct  relation  to  cylinder  head. 

5.  Tighten  Intake  manifold-to-exhaust 
manifold  bolts  and  nuts  to  specified  torque. 


GASKn 


S    WATIt  OUTIIT 

S 


Sj  THHMOSTAI 


7ZZZZZ2ZZZZZZZ' 

CYUNOHMfAO 

Fig.  88  -  Thermostat  InitaUation 


THERMOSTAT 


The  thermostat  in  the  cooling  lystem  re- 
atricta  water  flow  through  the  radiator  during 
tha  warm-up  period.  When  the  water  in  the 
cylinder  block  approaches  the  temperature  of 
efficient  engine  operation,  the  tharmoetat 

.  valw  win  opaa  altgfatly  to  permit  a  partial 
flow  of  watar  through  the  radiator.  Af  tha 
water  temperature  iac reaaea,  the  valve  opaaa 
fitrthar.  Maximum  watar  flow  ia  allowed  when 
the  valve  ia  fuUy  open.  Since  a  low  operating 
temperature  will  re»ult  in  Ibss  of  power  and 

.^oaoiny.  oaly  tha  specified  tamparatttra  range 
thermostat  should  be  used.  The  thermostat 
•hould  not  be  removed  in  an  attempt  to  lower 
the  operating  temperature. 


WATER  PUMP 

To  diaaaaemble  the  water  pump,  the  fol- 
lowing steps  are  necessary: 

1.   Remove  three  acrews  from  back  cover 

pun!, 

3.  Support  water  pump  on  aa  arbor  press 
«d  puah  ahaft  and  bearing  out  of  body  ud 
impeller  {Fig.  90). 

4  Place  ahaft  assembly  in  press  and  press 
f«a  hub  from  shaft  {Fig.  91 ).  CAUTIONr  Do 

Shaft  as  these  arc  factory  installed,  in  the 
proper  location. 
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SNATftlNG 

WATU  PUiMf  lOOV 

020  TO  am  cuAiA 
Fig.  89  •  S«ctioaal  VUw  oi  WftMr  Pimp 


rif .  90  -  Pump  Shalt  «ad  B«Ar1«f  Asmoval 


Fie.  91  -  7 


9.  tttm  botfy ' 

•id*  o£  wat«r  punp.  Um  a  drai  aaCdviTtt 
th*  pttwp  bo4y.  To  4«tenBiM 

worn  or  d«iB«g«4  port*  to  bo  roplocod,  chock 
a*  foUo#«: 


»*  ott 


h.  &Mpoet  p«mp  oh«ft  oa4  hoMtef  fto- 
•Mihly  for  woor  oaA  toploco  if  aocoMMy ; 

c*  liwt—  impolior  oool 
If  toot  loco  io  oeorod.  It  amwI  ho 
or  iapoUov  oMot  ho  Mpta«o4  to 
lookafo. 

d.  Always  uoo  o  aow  cool  whoa  rofaoUd- 
lag  ^  p«unp  oIbco  tho  old  toot  noy  hovo 


rtf .  92  •  Wotor  PttBp  Soal  lootoUor  Tool  - 
SB- 1721 


To  r«asa«mhl«  punp.  procood  oo  foUowo: 

1*  Ploco  tho  BOW  wmtor  pump  tool  oston- 
bly  oo  iastolliac  tool.  SE-1721,  (rig.  92). 
Ploc*  pump  body  ia  pros*  oad.  oftor  "Priini 
••ol  mad  iaotalllBg  tool,  pros*  sool  iato  body 
(Fig.  93). 


Pig.  91  viauii^sxii^  Water  Pttmp  tool 
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2.  FNt«  tm  iMib  <M  tmiA  ai  ahafl  ao  that 
HiA  MMU«r  dUai«t«r  ol  hub  facta  to  th« 
(rif.  94). 


SMAIlNUa 

UUIOiHUt 
||N0 

,WATBI  WMf 
ISMAFT 


PANHUl 


wAm  niMr 

Fig.  94  *  laftAlliag  Faa  Hub  on  Shaft 


3*  ZasUU  tliaft  la  houiiiiig  from  front  «nd 
by  proa«i&|  shafts  baariaf  t  •Uagor*  tad  faa 
bub  in  as  oaa  unit.  Xagtall  snap  ring  in  placo 
bohind  faa  bub. 

4.  Uouat  asfombly  in  prots  and  inoUll 
inipaUor  on  roar  oad  of  shaft.  Placo  a  atralght- 
•dg«  acroaa  tho  back  of  tho  wator  pump  houa* 
ing  and  chaek  tho  doaranoa  botwoon  straight* 
odgo  and  impoUar  (Fig.  95). 


a 


RXAMXMBLT  AND  XMITALU^TXON 


Ri:A88SJifBLY  OF  ENGINX 

Wh«a  MMmbUu      mglaa.  rmUr  to  th* 
'*Toy^  Clttrf '  Muw  a  tor^  wr«scK  to 
tightoa  aU  bolta  aad  Bota  to  apocifia4,terqua. 
Corract  tlghtowlni  of  bolta  la  vary  iaiponaat 
to  avoid  dlatortlaa  or  damaga  to  oaf  iao  patta 
by  ovorttghtaaia«  aad  laakago  or  looaoaaos 
from  oadortightaaiat. 

1.  Aftor  all  parta  havo  boon  thoroagbly 
claaaod  aad  roconditlORadt  aad  tha  aacoaaary 
rapUcaasoat  parta  havo  boaa  procarod*  aoaat 
cyliador  block  ia  aagiaa  ataad  ia  peaitloa  for 
aaaamUy.  Rotata  aagiaa  ataad  lo  bottom  of 
block  facaa  upward. 

2.  Maka  aura  all  cero  plugs  aad  draia 
plug ■.  ar«  ia  placo  ia  eylindar  block. 

3.  Coat  tha  camihait  lobas,  Jouraala  aad 
buahlagi  with  haavy  duty  hypoid  axis  lubricant. 
Thia  ia  to  provida  iaitlal  lubricatioa. 


"OTEi  Thr«ttghottt  tho  aaaambly  procaduro 
iaatructioaa  ara  givaa  to  pro-lubricata  aagiaa 
baarlag  aad  slidiag  contact  aurfacaa  with  aa- 
giaa oU.  Whoa  aaaambliag  aaginaa  wUch  will 
not  ba  uaad  for  a  poriod  of  timo,  lubricata  tha 
boariag  aurfacaa  with  a g raaaa  auch  aa  "Lub- 
riplata  630AA".  Thia  lubricaat  wiU  not  drala 
from  tha  boariag  aurfacaa  duriai  tha  atoraaa 
pariod.  ^ 


i 


99  «  Maaanrinc  Watar  Pwnp  Corar^To* 
ImpoUar  Claaranoa 


5«  Placa  gaakat  and  covar  plata  on  pamp 
and  aacuro  with  thraa  round  haad  acrowa« 


4.  tasort  tha  camahaft  into  position  in  tha 
camshaft  boaringa*  To  halp  pravont  nicking 
and  damaging  camahaft  baarings.  aaa  instal'^ 
lor  tool  SE-1880.  as  shown  in  Fig«  96. 


Figa  H  InataUfag  Camshaft  aalnff  SS- tiOO 
Inatailar  Tool 
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*  6*  Um  dial  tawUcator  to  eteck 
«adl  play.  II  ^mA  pUj  %wcm%4m  Um&to  liatad  la 


Fif .  9T  *  Ckacklaf  Canthall  EmA  PUy 


7*   Po«itioa  camahaft  gaar  k«y  ia  kayway 
of  shaft.  Lubrlcata  l.O.  Si  gaar  witk  aafiaa 
oil  aad  position  f  oAr  on  akaft  to  align  witk 
kay.  Usa  installer  SC*1900  and  adaptor  SC* 
190C- 2  to  pr«st  goar  into  position*  bstall 
lock  plato  and  cam  shaft  goar  nut*   Tighton  nut 
to  spscifisd  torcjuo  snd  bond  lock  down  ovor 
ono  facs  of  nut. 

NOTE:  Camshaft  goar  may  bo  prossad  oa^ 
to  shaft  baforo  camshaft  is  inataUad.  Bo  auro 
to  position  thrust  plato  on  shaft  bofora  instal* 
ling  goar. 

8.  Position  crankshaft  gsar  ksy  in  kayway 
of  crankshaft.  Lubricato  IJD.  of  goar  witk  on^ 
gins  oil  and  position  goar  on  akafk  to  align 
with  koy.  Pross  goar  into  position^  Inatallsr 
SC- 1900  and  adaptor  SS<*  1900-4  can  bo  usod  to 
install  gtar  whsn  crankshaft  is  mountod  in 
crankcaso. 


trig.  99  -  Xnstallittg  Crankahift  Goar  Osing  SS* 
1900  ZnataUor  Toot 


9«  XnataU  oil  soala  in  cmUicaoo  and  raar 
maia  boaring  cap.  Uao       1720  OU  Soal  Corn- 
pro  ssor  Tool  to  prosa  or  roll  saals  into 
placa.  Aftor  soal  is  soatod  in  onnkeaoo  or 
cap*  trim  off  ands  of  soal  that  projoct  abovo 
cap  surfaco  loiral.  Soo  fig.  100.  Lubricatn 
facs  of  ssali  with  grsass  suck  as  **Lttbriplau*\ 


rig.  100  -  bataUinf  O^r  OQ  iaaX  in  Crank- 
eaao  uainc  0-1720  OU  Soal  ~ 
proosor  Tool 
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laMU  Imr  h«lv«a  «tf 


tor.  00  oho>wB  lo  rtf .  lOI.  »ocklookS5!t 
b»  witlda  Unit.  Uoted  i»  •«S3aSi2S5** 


-ii"*f  fi^?*^  «M«»to  with  nfUM 

oil.  Uit  tiM  erMkokoft  late  pooitlfltt  iTtte 
booJrtat«»  oUfBlac  tho  ttaing  mark.  ««  crook^ 
•kofi  oaA  eomokoll  goor*.  • 


X2.  l»Ucomoi»  boOrU«copo  (witkboorlM 
iBOorto)  ovor  tka  crMkokoft  moia  booHiit 
Jott»al#.  Bo  sttro  ouakora  oro  on  eua^holt 
•ido  of  •agino.  Lukricoto  tkroodo  of  kooriat 
cop  kolta  witk  oagiao  oU  oad  iaotoU  kolta 
(lot  woohora.  Tigktoii  kolts  ovoaly  uatU  aaac 
(not  to  cpaeiAodtorvio).  Uaiag  a  aeft  kam- 
m«r»  t^  aock  ktoriag       uatU  botk  (ocaa  of 
tka  cop  oro  fluok  wltk  tka  mockiaad  focoa  of 
tka  eroakcoAo.  Ailgaaaat  of  tko  focaa  wiU 
taauro  propor  cap  locotioa.  Ckoek  olifanoat 
at  kotk  aidoa  (loft  oad  right)  of  tka  haa^^ 
cop.  ^ 


13.  Tigktoa  naia  kooriag  cap  bolta  to 
•pociiiod  tor^o. 


14.  Chock  croakahoft  aad  play  witk  a  dial 
ladicator.  »•  akowa  ia  Fig.  101.  £ad  ploy 
ahould  bo  witkia  Uoiita  liatad  ia  "Spocifica- 


rig.  102  .  Ckoekiag  Timiag  Goor  BoeUoak 


«nm  ..ol  i,  eo«pl.toly  aaturatod.  l^SToU 
aaal  lato  ckoaaol  of  froat  covor.  Bo  caroful 
not  to  do»aa£  3£il.  S««  rig.  1 03. 


rig.  101  • 


^^  ■^^  •  XmtUag  FroBt  Covor  OO  Sool 

IJ.  W%m€9  craakakoH  oil  aUagtr  ovor  and 

tokoywoy  of  akaf^Aaaomklo  oagiao  frcat 
covar  tkd  goakot  to  craakcaoo. 


rig.  104  -  AUgalaf  Ttnlac  G«ar  Co¥tr  witk 
SC-1717  Alifmag  Tool 


19.  Poaitioa  craaksh«ft  puUvy  m  crnk- 

1900  lB«taU«r  Tool  u4  SX- 1900-4  iU«p««r» 
pr««s  imUsy  Into  potittoa.  ZasuU  er«alwhai| 
puU«y  nut  aad  w»ah«r  and  tlfhMa  to  tMcUlAd 


hav*  t»W  r«^aatahUaM«5U«n3|^^ 

tor  VMrrtaa  4mU.  If  fMalMa.  alif*  lly»toal 

wfc««l  hMMtaf  «p).  rm*»a  far  aattUitkW^ 
corrMt  aU^MMat  ia  aa  fallova:  " 


.   prarait  4»WU  £raai  crMk- 

eaaa.  Ba  earafta  aM  ta  teiaga  craakcaaa. 


b.  Aaaaanbla  llyvhaal  '»""ttag  •»  adMt- 
•r  to  eraakcaca.  tigiHaa  asaaatlM  balta  aZr 

to  parmM  aavaaaaat  «« tka  bavalM. 
two-piaca  houaiag.  aaMvUa  aywhaalar 
coBvartar  iMvaiag  to  ■4apter  aa4  ttglMoa 
BOiwtiag  Wlta  aacaraly. 

c.  XaataU  haaaiaa  alioaiaa  flsiura  (IE- 
l$i4)  with  dial  to4ieata7  mSTSLSSLti 
flaajo.  taa  rig.  107. 

4*  llotata  aagtaci  aa4  chack  koaataa  t«a* 
out.  Tha  parmiaalSa^wi*a«t  (aaa  "tpaclli- 
eaUaaa")  caa  ka  oMaaA  hj  aateg  a  aoft  mal- 
lot  ta  akifk  tka  fcaailag     tka  craakeaaa 
Altar  earraat  iHgaiaat  U  oklatea4  (ff«a-a«t 

UmiUU   ttffl««i  tha  kowteg  (or  adaptor) 


rig.  105  -  y««*««Mag  Craakaitift  Vfelloy 


to.  taattil  raar  mala  kaartag  c 
aaala.  Ua«  aa  iaatalUr  toal  im  ' 
v^Aag  rod.  To  onka  tho  toal. 
oa  tha  «i4  of  tha  rod  aai  Itfo  to 
9^2**  diaiaatar.  Saa  rig.  104. 
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•Ma  att 
ahaU 


a*  VoNriaa  Irooi  taglai  oMo*  roaia 
irMM)**  ^''"■•W**^  fWMBor  U9W  lack 

t  fiHaa  aaw  4«««1  aiaa  lata  CI 
aad  kaariag  (or  a4aptar).  oowal  ptea 
ko  4Hvaa  ia  lra»  aagiaa  aida  ta  avoid  poo- 
•ihU  dOjOMga  u 


ERIC 


MOTOR  TRUCK  SERVICE  MANUAL 


wiMl  or  caaMmnmt  haiiiiM  ftMi  mim^r  lo 


rig.  107  •  Chockiag  Flywtiool  Houtiag  Align- 
moat 


22,  Aootmhlr  flywhooi  (with  riag  g^ow)  to 
eriakohmft  fUogo,  A^y  Mtiiag  eoinpoiuid  to 
throAd«  of  botu  aad  UotUU  bolts.  Bo  oaro 
flywhool  im  ooitod  iqu^roly  on  floago,  Tlghtoa 
mouAting  bolto  altornotoly  aad  ovonly  to  opoc* 
Uiod  tor  quo, 

23*  iBotaU  clutch  pUot  boartng  into  tho 
flywhool.  Roar  of  boorlag  should  bo  flush  with 
roor  of  flywhool  at  booriiig  bort. 

24.   Asssmbls  tht  clutch  drivta  disc  to  tht 
flywhool  so  thmt  tho  long  port  of  tho  hub  is  to- 
ward tho  roar,  tfso  on  aligning  arbor  or 
tranomiooioa  main  drivo  goar  shaft  to  align 
tho  drivon  disc.  Install  clutch  assomhly  on 
flywhool  with  spot  of  whito  paint  on  clutch  as 
noar  as  possiblo  to  *'L"  stampod  on  flywhool. 
Stan  all  mounting  bolts.  Tighten  mounting 
bolto  altomatoly  and  OTOnly  to  spocifi^  torquo* 
Romoyo  retaining  clips  or  bolts  usod  to  hold 
clutch  comprossod. 

29*  Wipo  cyiindor  boros  to  romovo  any 
duot  or  foreign  matorial. 

Zk.  XnotaU  pistono*  rtngo  and  connoofing 
rods  ao  follows:  ^ 

a*  Rotate  engine  until  No.  1  crankpin  Is 
at  the  bottom  of  ito  etr^e. 

b.  Place  upper  half  of  connecting  rod 
bearing  inoert  In  No.  1  connecting  rod»  Make 
euro  Inoert  ie  correctly  seated*  Lubricate 
bonriim  surface  with  clean  engine  oil. 
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Fig.  lot  *  InotaUing  Clutch 


c.  Dip  piston  aosoiitbly  in  clean  oU  to 
lubricate  rings  and  install  ring  compressor. 
InstaU  piston  assembly  in  cylinder  with  arrow 
stamped  on  pieton  pointing  toward  front  of  en- 
gine (number  on  connecting  rod  toward  cam- 
shaft). Do  not  strike  top  of  piston  during  in« 
stallation.  Piston  assembly  should  be  pushed 
from  ring  compressor  into  cylinder  bore. 


Fig*  109  •  Installing  Pieton  snd  Connecting  Rod 


d.  Place  lower  half  of  bearing  insert  in 
No.  1  connecting  rod  cnp  and  Inbricnte  with 
oU«  Aooemble  cap  to  coaiwettng  rod  with 
number  on  ci^  and  on  mn»bered  side  of  rod. 
Lubricate  throado  of  rod  cap  Mtm  with  oil 
and  inetaU  bolts*  Tightsn  bolts  evenly  to 
specified  torque. 


s.  Repeat  above  steps  to  install  rt* 
maining  piston  and  connsctina  rod  assem- 
blies, 

--ft-T  


1 


MOTOR  TMCK  ^VtC£  MANUAL 


icttAf  rod  (td*  ei**r* 

"C 


bolt*.  L0«Mly  Im««U  aU  nhon  1m«4 


laataU  oil  pomp.  9«t  aiigiA*  M  flriaf 
pOAlUott  for  N».  1  cyliadttr.  PosOioft  oa 
ptttfip  nuMmtittc  fMlut  am.  ejOm^w  Mock.  la- 
•art  oU  pump  Uit«  Uock  Md  mMli  g«A»a  as 
that  Uag  ol  pump  vlMft  i»  tt  SO"  <Migl«  with 
e«ttt«xlia«  ai  MfiM  u  showa  ia  Fif .  UO, 
wMa  pomp  i«  iaataU«4.  Thi*  placas  ^  pomp 
(lrt¥«  vhaft  ia  corr««t  poaiti«B  for  diatributor 
inataUatloa.  Zaatall  pump  mouatiaf  boUa  aad 
lockwaahcra  aad  tig ktaa  to  apacifiad  ter^ua. 


Of  lOfOt 


eyUadar 


maMaf  aon  tkay 


11.  teatall  rackar  &«»  aaaaoMy  lata 


dawal  ataavaa  ara  la  placa  te  aaaAdr  2.  4 
4  kraahata. 

12.  laataU  laag  eyiladar  Mad  boUa  tkraafk 
rockar  ahaft  braekata.  Tlgteaa  eyliadar  kaad 
boUa  •rmlj  <aUavti«  af  aaca  aham  in  rig. 
U2.  Oa  aak  tigktaa  balta  AUiy  Iba  Aral  tU»a. 
bttf.  go  arvar  tbam  aavaval  fiaaa.  Tl^Ma  balta 
avaaiy  to  aanaet  avdar,  watktag  la  aparaid- 
mataly  SO  loat-poaad  atapa  aatU  aU  baita  bava 
tigbtaaad  ta  apaeiftad  tar^. 


Fig.  UO  -  oa  Pump  InatalUtioa  Oiagram 


loo       oo  oo  «oJ 

lo        o        e        o        o        o  » 
Nl  1  1  1  1  1  ^ 

rtg.  112  •  Cyltodar  Haad  Bolt  Tlgbtaaiag 


27.  Coat  v»lv«  liitara  (tappata)  with  oU 
and  install  liftara  in  bora*  of  eraakeaaa. 

28.  laatall  valva  liftar  covar  and  gaakat. 


Inatalltag  Valva  Ultara 


29.  Placa  cyliadar  kaad  gaakat  aa  craak* 
cat*  and  align  bolt  holaa.  btatall  eyUadar  haad 
cm  eraakeaaa.  baiag  earaful  aot  to  damaga  or 
ahi/t  gaakat.  A  pair  oi  aMgalag  atuda  to  bald 
tha  gaakat  ia  poaitiMi,  aad  guiM  tha  eyli^ar 
haad  can  tni  mada  locally  from  loag  cyltodar 


li.  Adjaat  raekar  arB-ta*Talva  atam 
claaraaca  aa  toatractad  balaw.  Ta  abtato  cor- 
raet  elaaraaca.  maka  adjuatoiaat  at  aacb  cyl- 
iadar with  Ita  piataa  aa  top  daadcaatar  oi  tba 
compraaalaa  atraka. 


a.  T»«a  oagtoa  craakakaft  aatil  No.  1 
piatoa  ia  aa  tap  daad  caatar  of  ceaBpraaalaa 
atroka  (bath  valvaa  cloaad)  aad  timiag  mark 
oa  flywbaal  ia  to  Itoa  with  pototar  aa  flywbool 
"-oaaiag.  (Fig.  lU). 
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No.  1  cytUi4«r  to  eorroct  ipocificAttoa.  Moa- 
turo  cl««r«ac«  with  *  foolor  lougo  botwooa 
^^uv*  mm  «i4  roekor  arm.  LooMft  Sock  aut 
m4  turn  c^ivfilAg  tcm  wtU  eorroct  cUor- 
•ae*  it  obt^wd,  Tif  hua  odjuottog  out  oM 
r*elMck  dooroac*. 

c.  Turn  crtakthAft  on«-third  r*voiu- 
tioa  «ail  mdjutt  eloorattc*  of  v4lv«t  of  No.  i 
cylindtr. 

d.  A4iuftt  th«  valval  of  th^  rttmaiAini 
cylindtra  by  coatlauiag  to  rotato  tho  oagliio 
oat^tiurd  rovoliuioft  ml  a  timo  and  foUowiag 
th«  iiri&f  ordtr  aoquoaco. 

#.  _  TtmpormrUy  iiiitaU  rockor  arm 
covor  to  k««p  dirt  from  tnf la«  whiU  fiaith- 
ing  aatambliag  and  inttallatioa  oporations* 

NOTE;  Valvo*to-rock«?  arm  cUaranca 
•hould  bo  rtchtckod  with  ang tat  at  nouial 
opa  rating  tamporatura.  ^ 

94.   Install  iatakt  and  txhauat  maai/oldt. 
Tht  mani/oldt  mutt  first  bo  boltad  togtth«r. 
Inttrt  Pilot  Tingm  and  position  tha  gatktt  on 
•idt  of  cyliadar  haad.  Start  ha«  haad  bolts 
and  washars  into  tha  mounting  holts  for 
outsidt  tnds  of  iataVa  manifold.  Slida  tht 
manifold  straight  up  batwttn  cylindar  hsad 
and  washtrs  until  tha  manifold  is  Untd  up 
with  tht  pilot  rings  and  gaskat.  Tilt  bottom 
of  manifold  out  at  tht  top  to  bind  against  tht 
two  bolts.   Thii  will  hold  tht  manifold  in 
position  until  tht  front  and  rear  bolts  can  bt 
tighttntd  down.   Install  tht  remaining  bolts 
and  tighten  down  to  thzir  specifitd  torqut. 

35.    Place  wattr  pump  gasket  over  open- 
ing m  front  of  cranitcase  and  install  water 
pump  to  crankcast,  Seeurtwith  four  hex  head 
bolts  and  lock  washsrs  and  tighten  to  proper 
torque. 

16.    Install  thermostat*  thermostat  housing 
and  gasket  on  cylinder  head* 

)7.   Install  generator  mounting  bracket 
(with  generator)  and  fan  belt  adjusting  strap. 

iS.   Install  starting  motor. 


19.  Install  carburetor  on  intake  manifold. 
40,   Install  distributor,  as  follows: 


a.   Turn  crankshaft  so  aa  to  position  No.  1 
ptston  at  T.O-C.  on  compression  stroke.  This 
will  cause  timing  dot  on  flywheel  to  appear  at 
pointer  on  flywheel  housing 


b^  Turn  t^  tkaft  ol  tha  diatrlteter  aa- 
ttnvhly  ae  that  tht  rotor  is  potitioat4  ia  tha 
4iatributor  to  owfMt  with  tha  Ho.  X  tarmiAal 
iatidt  tha  diatributor  cap.  (It  may  bo  aacaT 
•ary  to  mark  th#  diatHbutor  to  posttivtly  lo- 
catt  rotor  for  Na.  I  poaittoa.) 

c.  With  rotor  positioned  as  above*  in- 
tart  distributor  asaambly  Uto  mouatiag  hole 
OB  laft  sidt  of  craakeata.  AUow  groovt  of 
distributor  coupling  to  tagaga  with  tang  oa  tad 
of  oil  pump  drive  shaft  so  that  tha  distributor 
will  bottom  in  ita  mouatiag.  Makt  certain 
that  at  raw  hole  for  hold*down  bolt  It  in  cantor 
of  slot  in  distributor  vacuum  control  unit, 

d.  Rechsck  rotor  to>iakt  surt  it  it  in 
position  for  contacting  ifo,  1  terminal. 

t.   The  above  procedure  applies  to  in.  * 
itial  timing  of  tha  engine  only.   Final  timing 
should  be  accomplished  after  the  engine  has 
been  installed  and  operated  in  the  vehicle. 

i\  ^•t^I  distributoF  4nd  spa^k  plug 
cables.  • 


42,   Install  ianition         to  left  side  of  cyU 
inder  head  and  connect  high  t^naion  cable  and 
primary  ignition  wire  between  coil  and  dis- 
tributor. 


43.   Install  fuel  and  vacuum  lines  on  en- 
gine and  ccmnect  vacuum  line  to  carburetor 
and  distributor  vacuum  control  unit.  Connect 
fuel  line  to  carburetor. 


44.  Install  oil  pressure  gauge  and  temper^ 
ature  gauge  sender  units. 

45.  Attach  chain  lUng  and  crane  and  lift 
engine  from  rebuild  stand. 

46.  With  tngtnt  supporttd  by  hoitt  equip- 
ment* assemble  the  following: 

a.  Install  the  oil  pan  and  gasket*  Ba 
surs  oil  drain  plug  is  tight. 

b.  Initall  oil  fUter  and  gasket. 

c-  Install  fuel  pump  and  connect  fuel 
line  to  pump. 


d.   Install  engine  front  mounting  bracket 
or  struts. 
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S«ctiott  A 


ENGINE  !NSTALLJ\TION 

ptrtSrmta  In  tK<  r«veri«  br7«r  brr«mbval. 

1«  Install  lifting  sling  on  engine  and  connect 
hoittiiig  equipm«m.  ' 

2«  Install  tngin«  front  mounting  br4Ck#t  or 
struts  on  engine,  if  not  installed  previously. 

3«  Raise  engine  sufficiently  to  start  tmo  posi* 
tion  \n  chassis.  Tilt  front  of  engine  upward 
and  lower  engine  into  position. 

4.  Be  sure  clutch  release  bearing  is  in  posi- 
tion.   Align  clutch  driven  disc  with  trans- 
mijTsion  mam  drive  gear  shaft*    Push  en- 
gine back  into  position*   Connect  traaemie- 
sion  to  engine,  flywheel  housing  to  adapter 
plate  or  transmission  to  flywheel  houaing* 
Install  mounting  bolts  and  tighten  snug. 
A:>semble  engine  rear  mountings.    Do  not 
tighten  at  this  time*    On  vehiclea  with  auto- 
matic transmission,  align  adapter  housing 
Aith  converter  housing.    Push  engine  back 
into  position.    Install  housing-to- adapter 
plate  mounting  bolts  and  tighten  snug.  In- 
stall converter*to-converter  drive  plate 
t>olts  and  tighten  to  specified  torque* 

3.  Connect  engine  front  mounting  to  vehicle 
frame*  .Do  not  tighten  at  this  time. 


6.  Be  sure  engine  is  correctly  seated  in 

mountings*    Tighten  front  mountings,  fly- 
wheel housmg-to-adapter  plate  or  transmis- 
s;on-to»flywheel  housing  bolts,  and  re^ 
engme  mounts  to  specified  torque. 


f 


Disconnect  hoisting  equipment  and  remove 

htting  $l«.ng, 

8.  Connect  exhaust  pipe^  fuel  lines,  control 
Aires,  and  electrical  wiring  and  linkage 
which  were  disconnected  for  engine  remo- 
ve t .  ' 

NOTE.    Be  sure  all  controls  and  linkages 

Are  adjusted  lo  operate  correctly. 

9.  Install  radiator  shroud  and  other  parts 
which  were  removed.    Install  radiator 'ind 
heater  hoses.  Replace  hoses  if  necessary. 

10.  Be  iure  all  drain  cocks  are  closed.  Fill 
coohng  system  with  clean  water  or  anti* 
freeze.    Check  all  hoses  and  connections 

for  leaks. 

1 1.  Fill  cr^nkc^Lse  with  proper  grade  of  engine 

oil. 

IZ.  Start  engine  and  allow  it  to  warm  up  to 


opertttmi  tMnper^n^  Obe#rve  oil  pres* 


UXoflMct  timisff  liclu  to  e&giM  aad^  ch«ck 
tiaiiig.  IfMMSMryt  iooMa  ^iribiitov 
rmtMimt  teH  ud  adjust  tiaiiag*   limtmr  to 
*9p«ciflc«kloM**  foe  tisaiag  Mttiaf «  Tlniag 
—\tkB  htm  iUMtrM«4  in  Fig.  ID. 


l4.AIUr  emfiM  ie  wmnmd  up,  retlghtea  cy« 
Undar  hmmd  bolts  to  specified  torque,  Re- 
adjttst  vmlv««»to«rockar  erm  cUarMce, 
Mste  final  adJustiMfits« 

lS*IaeUli  hood. 

NOTE:  Wmva  opermtot*  that  a  ^wly  ovar* 
haiuaoo? a  replacemaat  aagiM  rfquiree 
^'braakiag-ia'*  similar  to  a  aaw  ^hicU«  Ad- 
vise him  to  follow  racommandad  **braak-ia** 
precaution  for  tha  first  1»  000  nailas  of  opera- 
tion, 

KNCZNS  MOUNTXNCS 
Front  Itotttttinis 

Cngina  mountings  vary  batweon  vehicle 
mddals.   Various  types  of  front  mcunting a 
are  shown  in  Figs.  114,  115,  lU.  117.  Ill 
and  119. 

Whan  asaambUng  front  mountings  of  tha 
type  ilhiatraiad  in  Fig.  114,  US  and  lU, 
aasambla  componanca  as  showa  and  tighten 
elastic  stop  nuts  until  there  is  no  perceptible 
loosanaes,  than  tighten  1  to  1-1/2  additional 
turns. 
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Fig,  114,  Cnfina  Front  Mounting  With  S- 

Piece  Insulator (Ught  Duty  Trucks), 
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MIOitT  covti 


CiOf  SMiMMi  « 


•oil 

HA?  WAIHft 

wsuuiets 

HA?  WASNft 


riOMTm  HiiTi  sHuo.  r»m 

1  10  1.1/3  AOOtTtOKAi  mtNf 


Fig.  115   Engine  Front  Mounting  With  5-Piece 
IniuUtor  {M*diuin-Duty  Modelf). 


INOIM  rtONT  COVIi 


surrotr 


•OiT 

HAT  WASHfl 

INSUlAfOiS 
HAT  WASHfl 


TIGHfffN  NUTS  SNUG.  THCN 

t  TO  )      AoomoNAi  rutNs 


Fig,  llD  Engine  Front  Mounting  With  5-Picce 
InsulAtor  (Cib  Forward  Models). 

The  engine  front  mounting  shoa^i  m  Fig.  117 
utihie*  a  two-piece  insulator  with  slecvei. 
When  assembling,  position  components  as 
shown  and  tighten  elastic  stop  nuts  to  39  ft.  lbs. 
torque. 


A 


ClOSIMlMtCi  _   

HAT  WASHIt 

TiONTfN  HUTS^TO  If  IS$  FT 
TOtOUf  (THtlAOS  iUSttCATiO)  «r.jf«4 

Fig.  117  Engine  Front  Mounting  With  /-Piec 
Insulator, 


MtUtifCM 


Fig.  118  Strut  Type  Engine  Front  Mounting 
For  Chassis  With  Box  Frame. 


f«ONf 


Is'. 

r 

ITUO 


\    MOMI  MONT 


Figures  118  and  119  illustrate  strut  type  engine 
front  mountings.    Assemble  as  shown  and  tighten 
all  1/2  inch  bolts  to  35-40  ft.  lbs.  torque. 

Rear  Mountift^ 

Two  types  of  engine  rear  mountings  are 
shown  in  Fig,  120  and  Fig,  121. 

When  aseembiing  rear  mountings  shown  in 
Fig.  120,  place  upper  insulator  and  retainer 
fatttwt#A  croe»m«mber  and  flywheel  housing. 
Make  sure  holes  m  insulators  and  retainer 
align  with  holes  in  flywheel  housing  and  cross- 
mefn^r.    Position  sleeve  through  crosamembcr 
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Fig,  119  Strut  Type  Engine  Front  Mounting 
For  Chassis  With  Channel  Frame, 

and  into  upper  insulator.  Install  lower  insula- 
tor  under  crossmembcr  and  attach  to  flywheel 
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housing  with  be      fl^l  wAAh«r  lockwMh#r. 

pi«ce  mourning  lasulator*    Wh«n  assttmbling 
this  typ«,  ih%  iniulAtor  mu«l  b#  proporly  ••4t* 
•d  in  tho  rot4iMr«   iMtaU  r«t4UMr  with  two 


mswuioi-iowu 


boll»t  n^*  And  lockwm^htrt*   tnatall  itiftulMOr 


ClQUMWiH 


INSUlAfOt  WITH 
tlTAINil-Umt 


CtOISMlMMt 


HAI  W4tMtt 

Mit-TiamM  ID 
4f  IT.  its.  TOMM 


lOCKWASMit 


Fig.  120   Engine  Rear  Mounting  With  Z-Piece 
Insulator. 


H~  MiT  *  TMNTIM  TO  7« 

lOMUl  CIIMAM  UlgftKAim 

¥r  Mi?  .  Tignnw  fo  mjm  fr.  m 


Fig.  121  EngiM  Roar  Mountiag  With  One-- 
Pi«c«  Insulator. 


T  ROUS IX  SHOOTING 


PROBABLE  CAUSE 

ENGINE  WILL  NOT  TURN  OVER 

1.  Cranking  motor  inoperative. 

(a)  Battery  vireak  or  faulty. 

(b)  Cablet  and  terminals  faulty* 

(c)  Starting  switch  defective. 

(d)  Cranking  motor  defective. 

2.  Engine  oil  too  heavy  for  operation  in 
low  temperatures. 

Internal  seizure* 

ENGINE  TURNS  OVER  BUT  WILL  NOT  START 

1.  Cranking  speed  too  Low* 

(a)  Battery  weak  or  faulty* 

(b)  Cables  and  terminals  faulty. 

(c)  Cranking  motor  defective. 

2.  Fuel  system  faulty, 
(a)  No  fuel  in  tank* 


REMEDY 


Charge  or  replaca  battary. 

lnap«ct  battery  cables  wiring  and  wiring 
connactione.    Replace  cablas  if  naceeaary* 
Raplaca  starter  switch. 

Check  motor  and  maka  necessary  corrections. 

Use  grade  of  oil  specified  in  Operator's 
Manual. 

Datermina  cause  for  seizure  and  correct. 


Charge  or  replace  battery* 
Inspect  battery  cables. 

Check  motor  and  make  nacessary  corrections. 
Pill  tank  with  fuel 


Continued  on  naxt  page 
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MOTOR  TRUCK  SERVICE  MANUAL 


TROUBU  SHOOTING  (CoQtiau«d) 


PROBABLC  CAUSS 


ENGINE  TURNS  OVER  BUT  WILL  NOT 
STAR?  -  Coatlnusd 

2.  ru«l  •Y«t«in  faulty  -  CoDtiau^d 

(b)  Carburetor  floodad* 

(c)  Fual  pump  bowl  •cr««a  cloggad* 

(d)  Wat«r  la  (asoliaa. 

(•)  Fual  Ua««  cloggad. 

(f )  Veat  holaa  ia  fu«l  taak  cap  pluggtd. 

(g)  Tual  pump  dafactiva. 

3.  Air  iataka  raatrictad  or  txhautt 
•ystami  rattrictad. 

4.  Ignition  tystam  faulty. 

(a)  Wat  or  foulad  tpark  plug*. 

(b)  Crackad  or  broken  spark  plug 
insulator. 

(c)  Spark  plug  or  Ignition  wiring 
loo«a  or  defective. 

(d)  Point  gap  incorrect. 

(e)  Moifture  in  distributor. 

(f)  Broken  distributor  rotor, 

(g)  Condenser  shorted  or  open. 

(h)  Broken  distributor  cap. 

(i)  Dirty  or  pitted  distributor  cap 
terminals. 

U)   Short  or  opea  circuit  ia  dlftributor. 


(k)  Ignition  coU  defective* 
(1)   Igaitioa  ewitch  defective* 


\ 


Optn  chok*  v»lv«.  Wmit  a  f«w  minutti 
b«for«  again  attamptiaf  to  start  tngia*. 

Claan  bowl  and  tcrten. 

Drato  taak.  fual  pump  bowl,  and  carburator. 
RafiU  with  claaA  futl. 

Clean  fual  linas. 

Chacfc,  raplace  cap  if  nscetiary. 
Tait  fual  pump.   Replact  if  necea»ary. 
Sarvica  air  cleantr.  Chack  for  raitric- 

tiOBt. 


Rainova  and  dry  plugi,  Ramove  carbon. 
Ratet  plug  gap. 

Raplace  damaged  plug*. 


Check  for  looae  or  corroded  terminal!. 
Check  for  cracked  or  broken  wiring. 

Check  and  readjutt  pointi. 

Remove  cap  and  dry  rotor,  cap  and  dietributor 
with  compreeied  air. 

Replace  rotor. 

Replace  condenser. 

Replace  cap. 

Clean  terminal* .  Replace  cap  if  neceeeary. 

Locata  short  or  opea  circuit  or  correct 
aaadad. 

Taet  coil.  Raplace  if  aacessary. 

Cenaact  juoipar  wire  from  "Bat"  to  "Iga** 
terminal  of  switch.   Try  to  start  engine. 

•nginn  starts,  switch  is  dafsetive  and 
should  be  replaced. 
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nanmut  nwonwa  (CoaHnfO 


MISSING  AND  BACKTIMIHG  BUT 
r  AXU  TO  STAAT 

I.  Wat«r  ia  gMoliA*. 


2.  Air  l«ak0  around  iAULk«  maalfold. 

3.  Improper  firing  orter. 

4.  Diitributor  not  correctly  tlm«d  to  oagiao. 

5.  Moitturt  U  distributor. 

6.  Diatributor  cap  •horttag  out. 

MISFIRING  OR  CUTTING  OUT  AT 
HIGH  SPEED 

I.  Ignition  ayttom  faulty. 

(a)  Spark  plugs  foulod  or  worn. 

(b)  Point  gap  incorroct. 

(c )  Weak  point  spring  tsnsioa* 

(d )  Primary  Uad  looaa  or  brokra. 
(•)  Distributor  advancs  not  operating. 

(f )  Distributor  plats  not  groundsd 
proporly* 

(g)  Osfsctivs  coil* 
i.   Fusl  systsm  faulty* 

(a)  Partially  clossd  choks  platss* 

(b)  Defsctivs  fusl  pump. 

(c )  Dirt  in  main  Jst. 

(d)  Aocslo  rating  pump  inoparativs. 
(s)  Float  Isvsl  too  low. 


gins  comprossiOtt  low*. 


Oraim  tulu  ftt«l  fnmp  tewl  and  emrbor- 
nor*  Fill  Witt  daaa  gaaoUno* 

Ckack  manifold  gaatait.  Tighton  f»%M|^|f^^d 
bolto  to  apocifisd  torquo. 

Cback  igAittdA  caUoa  for  corroet  inatnllation 
at  spark  ^lags  and  disfHbutor  cap  in  accord* 
—^o  to  sngiao  firing  ordor* 


Chock  aad  adjust  timing. 

Romo¥o  cap  and  dry  rotor,  cap  and 
diatributor  with  coraproaacd  air. 

Chock  for  looss  or  corroded  terminals,  dirt 
or  cracka. 


Clean  and  taot  spark  plugs.  Roplacs  ii 
nocooaary* 

Readjust  points. 

Adjust  apriag  tsnsion  or  replace  points. 

Check  lead  wire  and  terminals. 

Repair  ae  needed.  Replace  worn  or  damaged 
parts. 

Check  ground  lead  wire  and  tsrminala. 
Tsst  coil.  Replace  if  necessary. 


Check  and  readjust  choke  control. 
Test  fusl  puipp.  Rsplacs  if  necessary. 
Qean  carburetor. 
Repair  or  replace. 

Check  Hoot  le^el  end  reset  if  necees^y. 

Refer  to  "Loes*of  Compression^'. 

Contittttsd  on  next  page 
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TROUBLE  SHOOTING  (Coatlnutd) 


PROBABLC  CAUSE 

EXCESSIVE  DETONATION  (PINC) 

1.  Low  octan«  fu«h 

2«  Ignttion  tytt^m  f&ultf . 

(4)  FouUd  iparK  plug*. 

<b)  Spmrk  uhr«iic«4  too  f&r, 

(c)  Poiat  gap  ineorr«ct, 

3.  Futl  «yst«tti  faulty. 

(a)  rioAt  Uvol  %%t  too  low, 

(b)  Main  matoring  BymUm  too  Inmn. 

4.  Eagiat  overhoatod, 

5.  Cylinder  h«4d  aot  bolted  down  tight. 


ENGINE  DOES  NOT  OPERATE 
SMOOTHLY 

1.  Pittod  distributor  points. 


2.  Cracked  distributor  cap. 

3.  Worn  or  bant  distributor  shaft. 

4.  Worn  braaker  plate  hub, 

5.  Worn  distributor  cam. 

6.  Improper  point  spring  teasioa. 

7.  Leak  in  vacuum  advaace  diaphrsf ro  or 

conaactioae. 

S.  Carburetor  float  level  too  high. 

9.  Fuel  mijcture  too  rich. 

E2KUNE  DOES  NOT  DZy^LOP 
TVLL  POWER 

I*  latako  air  raatrictad^ 

^  Exhauat  eyetam  raetricted. 

K  Ifaiti4M  eyatom  faulty* 

(a)  Ignition  timing  incorract. 


REMEDY  / 

tJse  a  good  grade  of  gaaoliae. 

Clean  and  regap  plugs.  Replace  if  neceseary. 
Check  and  adjust  timing. 
Check  and  readjuat  points. 

Check  float  lavel  and  adjuat  if  aaceseary. 

Correct  as  naceeeary. 

Refer  to  ''Engine  Overheated". 

Tighten  cylinder  head  bolts  to  specified 
torque  following  correct  bolt  tightening 
sequence* 


Clean  and  readjust  points.  Replace  if 
neceasary. 

Replace  cap. 

Replace  shaft  and  ehaft  bushing. 

Replace  breaker  plate  assembly* 

Replace  distributor  shaft  assembly. 

Adjust  spring  tension  or  replace  pointe. 

Replace  diaphragm.  Check  all 
connections* 

Check  float  level  and  reset  if  necessary. 

Adjust  fuel  mixture. 


Clean  air  daaaer.  Check  for  reetHctioaa. 
Ramova  rastrictioa. 

Ch«ck  and  adjuat  tinting. 
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TftOUBLC  SHOOTING  (C«Mifttt«d> 


CAtTSE 


ENGINE  DOES  NOT  DEVELOP 
rULL  POWER  *  Costittntd 

3*  Zgnitiott  sysMm  faulty  -  CoatiAu«d 

(b)  Spark  plug •  foul«d  or  worn. 

(c)  Point  f»p  ukcorr«ct. 

(d)  Oiatribtttor  ndvnnco  moch^sm  not 
opo  rating 

(•)  Otfoctivo  coil. 

4,   Fuel  •yttem  faulty* 

(a)  Fu«l  pump  defoctlvo. 

(b)  Throve  linkage  restricted*  worn 
or  out  of  adjuetment. 

(c )  Choke  plate  partially  cloeed. 

(d)  Float  level  set  too  low. 

(e)  Accelerating  pump  inoperative. 

(f)  Power  or  economiaer  valve  inoperative. 
Air  leaks  around  intake  manifold. 

6.  Incorrect  valve  timing. 

7.  Engine  compression  low. 
LOSS  OF  OIL  PRESSURE 

L  Low  Oil  level, 

2.  Clog^ef^  oil  filter  element. 

3.  Oil  pressure  indicator  defective. 

4.  OU  leaks^ 

5.  Oil  pump  screen  clogged. 

6.  Oil  pressure  relief  valve  sticking  or 
broken  relief  vslve  spring. 

( 

Oil  pump  worn* 

8.  'Worn  main  connecting  rod  or  camehaft 
bearings. 


MIIAEJDT 


Clean  and  regap  plugs.  Replace  if  naceeeary. 

Check  and  reedjuet  points. 

Repair  as  aecaeeary.  Replace  worn  or 
damaged  parte. 

Test  coil.  Replace  if  naceaeary. 


Test  fuel  pump.  Replac^'  if  necessary. 
Check  linkage.  Repair ^s  needed. 

Check  choke  control  linkage.  Readjust  if 
necessary. 

Check  float  level  and  reeet  if  neceeeary. 

Repair  or  replace. 
Replace. 

Chaak  manifold  gaeket.  Tighten  manifold 
bolte  to  epecified  tor^e. 

Check  valve  timing. 

Refer  to  ''Loss  of  Compreeeion". 

Add  oil  to  correct  level. 

Change  filter  element. 

Repair  or  replace  ae  needed. 

Check  for  leaks  and  connect  as  n^edad. 

Clean  puipp  screen  and  oil  pan. 

Clean  valve  or  replace  epring. 

Repair  or  replaca* 
Replace  worn  bearing e. 


Continued  ob  next  png* 
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mOBABL£  CAUSE 
SXCESSIVE  OIL  CONSUMPTION 
1.  OUUakt. 

I,  lncorr«ct  grad*  oi  lubricating  oil. 

3.  Engine  ovtrh«ated« 

4.  Exc««tiv«  oil  ia  craakcM«. 

5.  Stuck  oil  control  rinf«»  worn  valvo  guid««, 
pitton*.  rings  tad  cylinder  walls. 

LOSS  OF  COMPRESSION 
1.  Valves  sticking. 

2*   Valve  mechanism  parts  worn  or  broken. 

3.  Cylinder  head  not  bolted  down  tight, 

4.  Damaged  cylinder  head  gasket. 

5.  Worn  or  damaged  pistons,  rings  and 
cylinder  walls. 

ENGINE  OVERHEATED 

1.   Coolant  level  low. 

(a)  Radiator  cap  loose  or  missing, 

(b)  Leaks  in  cooling  system. 

(c)  Leaking  cylinder  head  gaskets  or 
cracked  head  or  Cylinder  block. 

i-  Engine  overloaded. 

3.  Dirt  and  trash  on  outside  of  radiator. 

4.  Fan  belt  slipping. 

5.  Cooling  system  clogged. 
6*  Thermostats  inoperative. 
7v  Water  pump  defective. 

Low  oil  pressure. 

SXCESSIVE  FUEL  CONSUl^PTION 

L  Air  cleaner  restricted  or  air  cleaner  oil 
It^el  too  high. 
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TROUBLE  SHOOTING  (Continued) 

REMEDY 


Check  for  leaks  and  correct  as  needed. 

Use  grade  of  oil  specified  in  "Operator's  Manual' 

Refer  to  '^Engine  Overheated". 

Drain  to  correct  level. 

Replace  worn  parts.  Rebore  cylinder  block 
if  necessary. 


Clsan  valve  guidee  end  stems.  Replace 
worn  parte*  ^ 

Replace  worn  or  damaged  parts. 

Tighten  cylinder  head  bolts  to  specified 
torque  foUowing  correct  bolt  tightening 
sequence.  *  • 

Replace  gasket.  % 

^^^""^  cylinder  block 


Add  coolant  to  correct  level.   Check  for 
caul*  of  coolant  loia. 

Tighten  or  replace  cap. 

Correct  at  necessary. 

Replace  cylinder  head  gasket.   Check  for 
cracks.  Replace  head  or  block  if  necessary. 

Reduce  load  on  engine.  Use  lower  gear. 

Clean  radiator  fins  with  air  or  water  pressure. 

Check  belt  tension  and  adjust  if  necessary. 

Drain  and  flush  cooling  system. 

Replace  thermoauts. 

R«pAir  or  replace. 

Refer  to  "Loss  of  Oil  Pressure". 

Service  air  cleaner. 
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MOTOR  TRUCK  SERVICE  MANUAL 


«1 


TAOUBIX  SHOOmG  rmit<mf<l 


PROBABLE  CAUSE 

SXCXSSIVC  FUCL  CONSUMPTION  « 
Continued 

2.  L««k«  la  fu«l  •ytMm, 

3.  Igaitlofi  •ytttm  faulty. 

(a)  Spark  pluf  s  fauX«4  or  worn. 

(b)  Ignitioa  timing  iiicorr«ct« 

(c)  Point  incorrect. 

(d)  Low  voltago  to  spark  plugacauaod  by 
dofsctivo  coil. 

4.  Fuel  tyttem  faulty. 

(a)  Futl  pump  pressure  too  high. 

(b)  Choke  plate  partially  closed. 

(c)  Leaking  needle  valve, 

(d)  Float  level  too  high. 
SMOKY  EXHAUST 

1.  Engine  overloaded. 

2.  Air  intake  restricted  or  air  cleaner 

oil  level  too  high. 

3.  Ignition  tinning  incorrect. 

4.  Incorrect  grade  of  lubricating  oil. 

5.  Fuel  mixture  too  rich. 

6.  Defective  furl  pump. 

7.  Engine  compression  low. 

8.  Stuck  oil  control  rings;  worn  valve  guides, 
pistons,  rings  and  cylinder  walls* 

ENGINE  NOISES 

1.  A  sharp  rap. at  idle  speed  indicates  a 
loose  piston  pin.  The  pbi  at  fault  can  be 
found  by  shorting  out  the  ayarfc  ^ttf  s  tee 
at  a  time.   The  noise  will  diaappear  when 
the  cylinder  with  ths  faulty  pin  is  ahortad 
out 


REMEDY 


Chock  for  Uake.  Ropair  as  nood«d« 

Clean  and  rog^  plaf*«  Raplaee  if  n#eo«Mrr» 
Check  and  adjust  tiniiag. 
Check  and  roadjuat  pointa. 
Teet  coU.  Roplaca  if  nacoaaarr. 

Check  fual  pump.  Replace  if  nacaaenry. 

Check  choke  control  linkage.  Readjuat  If 
nacaeaary. 

Replace  needle  valve  and  eaat* 

Check  float  level  and  reeat  if  necessary. 

Reduce  load  on  engine.  Uee  lower  gaar. 

Service  air  cleaner*  Check  for 
restriction. 

Check  and  adjuet  timing. 

Use  grade  of  oil  specified  in  Operator's 
Manual. 

Adjust  fuel  miicture* 

Check  fuel  pump.  Replaca  if  neceasary. 

Refer  to  "Loas  of  Compression". 

Replace  worn  parts.  Rebora  cylinder 
block  if  neceeaary. 

Raplaca  piston  pin* 


Continuad  on  next  page 
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MOTOR  TRUCIC  SERVICE  MAlSIUAL 


3. 


PHOBABLE  CAUSE 
ENCWE  NOISES  (Coatmu.d) 

tindtr  Io*d«  indic«t«s  a  loete  pTiton. 

A  metallic  knock  wh«n  idling  er  retardina 
engine  ■p««d,  which  disappear!  under  load 
indicate*  worn  or  looae  connecting  rod 
bearing..   The  bearing  at  fault  can  be  found 
by  ihorting  out  the  spark  plugs  one  at  a 
time.    The  noise  will  disappear  when  the  cy- 
Under  with  the  faulty  bearing  is  ehorted  out. 

CRANKCASE  VENTILATION  SYSTEM 
<Clo*ed  Type) 

The  ventilation  system  consists  of  a  venti- 
lation valve,  a  hose  and  fittings  connecting  the 
vent  opening  in  the  tappet  cover  to  the  intake 
manifold  and  a  hos«  from  the  air  cleaner  to 
the  cylinder  head  cover.    A  sealed  oil  filter  cap 
is  used  with  the  ventilation  system.    The  func- 
tion ot  the  valve  is  to  regulate  the  How  of 
crankcase  ventilation  at  various  throttle  posi- 
tions. *^ 

The  ventilation  system  will  operate  effective- 
ly as  long  as  normal  maintenance  is  applied. 
Due  to  the  nature  of  the  materials  carried  by 
the  ventilation  system,  the  valve  and  piping 
are  subject  to  fouling  with  sludge  and  carbon 
formations.    The  ventilation  system  should  be 
cleaned  periodically  and  at  the  time  of  engine 
ove  rhaul . 


^ROUBLE  SHOOTiNi  ((iontinued)" 


4k 


Oh  tfiua  (Af 


^A^t^aUMt         ^«  ^^^^ 


It 


\   


REMEDY 


Je««Ii7.'*'"*  cylinder  block  if 

fo?rna?.  TrltT""^'^    "^'"^^  crankshaft 


frequently  than  specified  above.  However,  no 
ZlVi'X  ""emendation  can  be  made 

under  these  conditions.  FreqHency  of  cleanina 
must  be  dictated  by  experience. 

Disassemble  the  valve  (Fig.  U3)  anri  clean 

'"f*'^  -olvent  cleaner 

and  blow  dry  with  compressed  air. 

When  reassembling  the  valve  parts,  be  sure 

end  coil  over  the  tapered  end  of  the  valve, 
over  the  ridge  and  into  the  groove  machined 
just  under  the  head  of  the  valve.   Thia  la  very 
important.    Unless  the  spring  ts  properly  as- 
sembled, the  valve  will  not  contact  the  valve 
seat  squarely  and  will  not  close  properly. 
Consequently,  the  engine  will  not  idle  properly 
due  to  the  entrance  of  too  much  air  into  the 
intake  manifold.    If  the  spring  has  been 
stretched,  the  same  trouble  may  occur.  Free 
length  of  the  spnng  is  approximately  9/16  inch. 
If  improper  action  of  the  spring  is  suspected 
due  to  sprin?  being  distorted,  bent  or  etched 
Irom  corrosive  action,  the  valve  assembly 
should  be  replaced. 

Inspect  oil  filler  cap  and  gasket  for  sealma. 
If  necessary,  replace  gasket  as  ventilating 
system  efficiency  depends  on  a  sealed  cap!  In- 
spect for  and  correct  any  air  leaks  at  valve 
rocker  arm  cover  gaskets,  tappet  cover  gas- 
kets  and  ventilator  hoses  and  fittings  to  pre- 
vent entry  of  dirt-laden  air. 


Fig.  122  CranWcase  Ventilation  System  •OOY 

Service  Inatruptions 

every  lo.utg  miles  or  300  hrs.  or  less 

yppn  operating  conditions)  the  meter- 
ing  valve,  hojles  and  fittings  should  be  removed 
from  the  en^ne.  disassembled  and  thorouahlv 
cleaned.      {  ' 

NOTE:   I^der  cold  weather  operating  condi- 
tions when  vehicles  are  operated  at  slow  speeds 
with  low  en^.ne  temperatures,  more  rapid  ac- 
cumulations of  harmful  fumes  may  be  present 
m  the  engine.    Under  these  conditions  of  opera- 
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Fig.  123  Exploded  View  of  Ventilation  Valve. 
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Vehicle  M«int«n«n<;t  B*«ach 

^°^!fL°i?i!!^"'  ^^"^^^  COMPONENTS  INSPECTION 
AND  PAtrS  SERViaNC,  ENGINE  REASSEMBLY. 
OPERATION  AND  VALVE  ADJUSTMENT 

OBJECTIVES 

Will  J!^"abL°"tor  '""'^  ^orksU..t.  you 

1.  Remove,  Inspect,  service  and  relnst.ll  engine  convonent.. 

2.  Perform  valve  adjustnents. 

perfoLncl!''^'""  adjustments  for  satisfactory  engine 

EQUIPMENT 

p    .      ^    ^  Basis  of  Issue 

Engine  Trainers  1/2  students 

Mechanics  Handtools  l/student 

Special  Tools  l/student 

Measuring  Tools  l/student 

Spring  Testers  i/e  students 

Timing  Lights  1/2  students 

Vacuum  Pressure  Gauge  x/2  students 

Engine  Tachometer  1/2  students 

Compression  Gauge  1/2  students 

Rod  Alignment  Testers  1/6  students 

PROCEDURE 

Note:    As  each  item  is  completed  check  it  off  m  the  space 
provided. 

Exercise  1 

57inr^piu»°)*^"  R«pi««  oil 

dTH^T^plu  cooling  system.  Including  cylinder  block 


Supersedes  3AflR47330-WS-202,  17  November  1971 
OFt:    TWS  t        V  WW.! 

DISTRIBUTION:  X 

TWS  -  400;    TTVGC  -  1 

4c  J 


ERIC: 


^  msAtrnt^  pipm  u^A  mattrnw,    <M  your  tMv  mt* 


for  h«Xp.) 

.5,     R«Bov<i  Air  el««a«r« 

6.  Dlacoimftctt 


Chok*  wlr«  from  carburacor. 

^b.     ThroctXo  rod  from  throttU  Xtnkagli. 
_c.     Vacuum  lino  from  carburotor. 

Fuol  lino  at  the  fuel  flltor. 

Water  ctaperature  bulb  or^lre  lead. 
_f .      Primary  ignition  wlrea  at  coll  and  dlatrlbutor. 
_8*     Bypaaa  cooling  hoae^MMracer  pump, 
.h.      Upper  radiator  hoaa^Bylinder  head. 


7 .      Remove : 


a. 


Intake  and  exhauac  manifold  aaaembly,  with 


carburetor  attached. 

 b.      Dlatrlbutor  aaaembly. 

 c.      Ignition  coll. 


_d.      Rocker  arm  cover  and  gaaket,  being  careful  to 


preserve  the  gasket. 

preserve  chTS^ket. ""^"^ 

 1.      Rock  arm  aasembXy.     (It's  two  pieces  -  be  careful.) 

 g-      Push  rods  and  liftera  (keep  then  inoordar.) 

 h.      Head  bolta.    (Usa  a  hinge  handle  and  socket.) 

 Cylinder  head  and  gasket. 

 J.     Oil  pan  and  gaaket,  preserving  gasket  if  possible. 


travel. 


repiacad"''^"*  operations »  all  gaakeM  would  b« 

|.      Inspect  cyliadar  walla  for  ridgas  above  the  top  of  ylng 


Notft:    In  a  notul  shop  op«racion,  eht  ridf«  tfould  b«  rMowd 
Mch  tlM,  tines  th»  diau««abXy  ifould  b«  lafrc^umt.    Ob  l«b 
«ntinM  ch«r«  i«  v«sy  short  of^tatiaj  %imm  bstw—a  eUmt^ 
•a  riM  rtjjg*  miit  |t«t^|y  «vft  YTTiBttoiiilli  ,    If  tlxmi  li 
«  rldg«,  cootuXc  Che  Inatructor  for  th«  proptr  tools  and 
procsdura  for  rMovAl. 

 J^'      Rcaoval  of  piston  and  connsctlng  rod  asssabllas: 

 a-      Install  handcrank  wrsnch  on  ths  snglns  crankshaft 

pullay. 

Note:    Do  not  turn  engine  by  the  fan. 

 b.      Turn  crankshaft  until  any  pair  of  connsctlng  rod 

journals  are  at  BDC. 

 c.      Remove  the  nuts  securing  che  besrlng  csp  to  the 

conntctlng  rod,  and  carefully  push  the  piston  out  the  top  of  the 

cylinder  wall,  first  removing        bearing  Insert  and  setting  It 
aside. 


d.      Assemble  the  Inserts  and  bearing  cap  with  the 


connecting  rod,  and  tighten  the  bearing  cap  nuts  finger  tight 
e.      Wipe  off  excess  oil  from  the  asse9d>ly,  and 


placa  It  on  the  parts  rack. 
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  Remove  all  carbon  deposits  from  the  cylinder  head,  using 

a  putty  knife  and  carbon  scraper;  take  care  not  to  dsatagc  the  head. 

Exercise  2 


1. 


Upon  completion  of  engine  disassembly,  consult  your 


Instructor  and  he  will  help  you  visually  Inspect  your  engine  and 
its  component  parts. 

_2.      After  your  visual  Inspection  is  completed  your  Instructor 


will  assign  you  to  a  test  engine  and  assist  you  while  you  perform  all 
the  inspection  meaeuremcnts  described  in  your  student  text,  number  202, 

Exercise  3 

 !•      Engine  assembly  (pistons,  connecting  rods,  and  bearings.) 


bearing  with  snglne  oil 


a.      Lubricate  piston  cylinder  wall,  crankshaft  and 


_b.      Remove  bearing  cap  from  connecting  rod.  (Be 


careful  of  bearing  Inserts.) 

 _c.      Position  ring  end-gaps  at  least  90*  apsrt. 

 d.      Install  ring  compressor  on  piston. 

4 


e.      Start  piiton  la  cylindar  bort*  aftar  aaklng 


sure  that  propar  crankthafjT  journal  la  at  BDCi  and  th*t  piston  ia 
poaitlonad  corraccly.  J 


JPl^  a  block  gf  jwfd  iaL^fe»^»tffit-4w4^  tt 


craval. 

/ 

/  ''  '  '  *  ^ 

^  ^*      Install  btarlng  cap  and  baaring  and  tlghtaa  co 

apaclilad  t6^^u^. 

 Rapaat  above  procadura  for  all  other  piacon  and 

rod  agaemblies. 

 2.      Engine  aaaembly  (crankcase) 

a.      Inspect  oil  pump  strainer  and  oil  pan  for 


foreign  matter*     If  dirty*  clean. 

 ^b.      Install  oil  pan  and  gasket  and  tighten. 

3.      Engine  assembly  (cylinder  head*  push  rode  and  lifters »  and 


rccker-arma* ) 

 a.      Install  headgasket  (oake  sure  it*s  right  side  up.) 

 .      Install  head  alignment  pins. 

 c.      Install  cylinder  head* 

Install  lifters  and  push  rods  in  the  ssiae  holes 


from  which  removed. 

 ^e.      Install  rocker  arm  assembly. 

 Remove  alignment  pins  and  install  head  bolts* 

 g*      Loosen  adjustment  screws  on  rocker  anas. 

Tighten  headbolts  in  proper  sequence,  to  the 


specified  torque  wrench  back  to  its  lowest  setting, 

 Engine  assembly  (intake  and  exhaust  manifolds,  etc.) 

_a.      Install  intake  and  exhaust  manifold  assembly 


and  gaskets 


_b.  Tighten  manifold  bolts  to  specified  torque* 

^c.  Install  side  cover  and  gaakaC. 

^d.  Install  exhaust  pipe  a^id  muffler  assembly, 

e.  Connect  throttle  linkage. 


.f.      Coniwct  cholt*  wlr«. 


c.rbur.tor7— ^*  tn.Uli  .ir  cit4n«  fu.1  im.  f rem  puirp  to 
 5.      Engine  •■■•ably  (cooling  ■y^cn.) 


Install  hosss. 


_b.      Install  or  connect  temperature  gauge  sending  unit, 
^c.      Fill  system  with  coolant  and  check  for  leaks. 
d.      Fill  crankcase  to  specified  level. 


 6.      Cold  valve  adjustment 

nn  ,n   ^""^  engine  with  handcrank  until  both  valves 

on  n  cylinder  are  CLOSED  (companion  cylinder  valves  in  ov^Up  ) 

 _b.      Adjust  valves  according  to  specif icationa.' 

to  firing  ^Td^F^'ci  ""s^"^'  r^r\T  cyUnders  according 

overlap  Llhol         '  ^ '  ^ '  ^ '  ^ .  4)  spotting  the  engine  by  the  valve 

 7.      Engine  assembly  (ignition  system) 

begins  lcsT^ressiIn""tr'^'e"  ''''  ""'^^  """^^  ^  ^y^^"<^" 
 b.      Continue  turning  until  timing  aarks  line  up. 

.       ,   Install  distributor  with  rotor  pointlne  at  th« 

number  1  spark  plug  contact  In  the  distributor  cap.  *  * 

open.  lock-I^Le.'°"  ''^'^'^^'^^  *^°-ing  until  points  start  to 

-  ®-      Install  spark  plugs. 

plug  wxres:  ^'  distributor  cap  and  high  tension  spark 

g.      Install  ignition  coil  and  coll  secondary  wire.  V 


distributoTT— '"'""^  '°  •'^<»  f>^<«  coll  to 
 1.      Connect  vacuum  epark-advance  line  to  distributor. 


.8-      Pg^tart  check 

 ^a.      Check  coolant  and  oil  level. 


^b.     Check  all  el«ccric«l  and  fual  coimactioaa. 

_c.      Rei&ove  all  tool*  ttom  trainer. 


4.    .  Cl4»#  cl»ka. 


_e.      Open  throttle  allghtly. 

\ 


Note:  Do  not  open  throttle  very  far,  or  your  engine  will  ov«r- 
apeed  and  damage  and  injury  nay  reeult. 

_9.      Start  engines 

 ^'      Turn  Ignition  switch  "ON." 


_b.      Depress  starter  button. 


 c.      Do  not  crank  engine  for  more  th*n  30  seconds. 

If  it  dees  not  start  wait  at  least  2  minutes  before  repeating. 

 iO.      Initial  engine  checks 


 As  soon  as  engine  starts,  check  oil  pressure. 

ir  no  oil  pressure  develops,  STOP  ENGINE  IMMEDIATELY  and  call 

Instructor. 

 b.      Check  ammeter  to  see  if  generator  is  charging. 

 c-      Set  throttle  for  a  fast  idle,  choke  open,  and 

allow  engine  to  reach  normal  operating  temperature. 

d.      During  warmup,  inspect  engine  for  fuel,  oil. 


and  Coolant  leaks. 

 i-^-       Hot  valve  adjustment 

 ^-      Reduce  engine  speed  to  a  slow  idle. 

 ^-      Locate  specifications  in  the  appropriate  shot 


manual , 


Call  your  instructor  and  he  will  show  you  how 


to  perfora  the  hot  valve  adjustment 

 When  finished  stop  engine. 

 e-      Install  valve  cover  and  gasket. 


12.      Final  ignition  timing 


.a.      Call  your  instructor  for  a  damonstratlon  of 


tack-dwell  unit  and  a  timing  light. 

 ^b.      When  finished  stop  engine, 

 ^Remove,  clean,  and  store  teat  equipment. 
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Note:  M*ke  sure  tach-dweil  unit  1»  shuc  off. 
.11.     CotapTesstdti  tlit 


fully  chariSdT**  ™'  ^*  nora.llMd  «nd  b«tttry  must  be 

 ^b.      Remove  all  spark  plugs  and  air  cleaner. 

 ^c.  Ground  the  secondary  lead  fro«  the  coil. 

 d.  Open  throttle  valve. 

 ^»  Open  choke  valve. 

 ^*  Install  remote  starter  switch. 

anH   r-^\  Insert  compression  gauge  into  spark  plug  hole 

and  cranK  engine  for  at  least  four  compression  strokes. 

 h.  Record  reading  on  chart  below. 

 i.  Repeat  steps  g  and  h  for  cylinders 

1  2  -J  /.  .  . 


cy  Under . 


14.      Compression  test  (wet) 

 a.      Squirt  about  1  tablespoon  of  oil  in  each 


_b.      Repeat  steps  13g  and  13h. 


^  15.      Cranking  vacjum  test 

are  Ug^^tifTIstU.  '°  '"""l*  P^"" 

the  l„t.l<e1S5if;id  "  " 

4  /'■  ♦ 
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 c.     Block  off  all  other  vacuus  opening*  In  the 

intake  nanlfold. 


_a«      urwin  cn|xnc  mxtq  ODicrvs  7KUub  Tvmn|« 
Record  reading  balowe 


 Compare  these  test  results  with  compression 

test  results  md  diagnose  any  mechanical  probleiaa  in  Che  engine* 
(Record  your  c'iagnosis  below.) 


 g.      Reassemble  all  removed  parts • 

 16,      Carburetor  adjustment 

 a.      Install  tach-dwell  and  turn  meter  to  low  RPM  range* 

 b.      Start  engine  and  allow  it  to  stabilize, 

 c.      Adjust  idle  mixture  screw  until  the  highest 

reading  possible  is  attained* 

 d.      Adjust  idle  speed  screw  until  engine  idles 

at  500  rpm. 

 e.      Remove  all  test  equipment «  clean,  and  return  to 

it3  storage  place. 

 f*      Clean  and  store  tools « 

 ^g*      Clean  engine  trainer  and  report  to  instructor^ 
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OBJECTIVES 


Given  a  soldering  gun  or  iron,  a  piece  of  wire  and  solder,  you  will 
be  able  to: 

a.  Prepare  the  soldering  gun  or  iron  for  soldering. 

b.  Prepare  the  wire  to  be  soldered. 

c.  Solder  a  wire  connection.    Acceptable  performance  will  be  to  the 
satistaction  of  your  instructor. 

^.     Given  a  piece  of  tubing  and  the  necessary  tools,  you  will  be  able  to 
cut.  tlare  and  bend  the  tubing.    Acceptable  performance  will  be  to  the 

satistaction  of  the  instructor. 


PROCEDURE 

Obtain  the  materials  and  tools  you  will  need  to  complete  this  lesson  from 

your  instructor. 

Do  the  .vor.k  as  directed  by  the  program,  working  through  the  program  as 

you  vould  a  regular  text. 

Each  of  the  irames  bordered  by  question  marks  has  a  group  of  statements 
troni  wnich  vou  are  to  select  the  correct  answer.    You  may  underline  or 
circle  the  letter  representing  your  answer.    On  the  last  page  of  this  text  is 
printed  the  correct  answers.    Any  time  you  ^re  in  doubt  as  to  the  correctness 
ot  your  choice,  make  your  choice  first,  then  refer  to  the  last  page  for 
coniirmation. 
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The  following  precautiona  should  be  observed  while  perforndng  the 
soldering  and  tubing  Usks: 

1.  Heniove  all  rings,  watches,  and  other  jewelry  before  operating 
any  eqxiipment. 

2.  An  electric  soldering  iron  should  not  be  left  connected  for 
long  periods  of  time.    This  not  only  wastes  electric  current 
but  it  may  destroy  the  heating  element. 

3.  Do  not  throw  an  electric  soldering  copper  inio  the  toolbox 
with  your  other  tools.    The  point  of  the  iron" or  the  cord 
could  be  damaged. 

Do  not  solder  a  gasoline  container  with  an  electric  solder- 
iron  because  a  short  circuit  of  the  cord  could  ignite  the 
f  u-ues . 

Bumed  electric  wires  can  cause  short  circuits  so  keep  the 
electric  cord  away  from  the  heated  parts  of  the  iron. 

6.  Hold  articles  to  be  soldered  with  pliers  or  clamps  as  metal 
transfers  heat  quickly  and  can  cause  serious  burns  if  the 
items  are  held  in  the  hand. 

7.  Don't  tighten  the  hand  screw  on  a  tube  cutter  too  ^-Ightly  or 
the  tubing  may  be  crushed  or  split. 

Use  caution  when  bending  stainless  steel  tubing  as  ^he  tubing 
may  break  or  the  tube  bender  may  be  damaged. 

9.    3e  sure  to  place  aU  of  the  fittings  necessar-/  on  the  tubing 
oefore  the  ends  the  tubing  are  flared. 
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A  soldering  gun  is  often  uaed  when 
the  soldering  Job  is  not  too  large.    To  use 
this  gun,  pull  back  on  the  trigger,  as  you  wottld 
with  a  pistol.    Many  of  the  guns  in  use  have  two 
trigger  positions  —  the  first  will  bring  the  heat 
up  to  one  level  and  the  second  to  a  higher  level. 
When  the  trigger  is  puned,  the  gun  ulll  heat  in  about 
three  seconds.    Some  guihKhave  only  one  trigger  posi- 
tion.   The  soldering  gun  uses  a  transformer  type  heat- 
Lig  element.    It  heats  quickly  but  cannot  be  used  for 
long  periods  of  time  or  it  will  overheat  and  tJ»  tip 
will  be  burned  and  become  useless.    Luckily,  this  tip 
can  be  replaced. 


-JUF:3TICN  1. 

?????????????????7????7?777??77,^,,, 

Vhloh  of  these  statements  is  correct? 

?        a.    All  soldering  guns  have  two  positions  of  the  trigger  which 
cause  heating. 

o 

t 

b.    soldering  g'.ins  take  a  long  time  to  heat. 

3.    Soldering  ^.ins  cannot  ba  used  for  long  periods  of  soldering. 

i.    The  tips  for  soldering  guns  cannot  be  replaced  if  they  be- 

?  cone  da.'naged. 
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ielec-u  a  soldering  gun  from  xhosQ  tools  'vith  which  you  hive  ^ee-i 
provided  and  take  it  to  your  work  area. 

1.  Connect  the  gun  to  the  proper  electrical  outlet. 

2.  Pull  the  trigger  to  the  first  position,    Ulov;  it  to  heat. 


■5 


Pull  the  trigger  to  the  second  position  and  allow  '•^he  tip 
to  reach  its  top  heat. 


il.    Release  the  trigger  and  discor*neot  tho  gtm. 


COAO 


T|J» 


II'  the  soldering  job  is  too  large  for  a  gun  or  if  no  guns 
iViilable,  you  will  probaoly  use  an  electric  soldering?  iron. 


are 


The  co.-TTplete  preparation  of  an  iron  for  soldering  would  include 
heating,  annealing,  filing,  and  tinning  of  the  tip. 

If  -h-?  soldering  iron  -^11  not  heat  properly,  ic  should  be  annealea! 
rhi3  is  ione  by  heating  the  tip  with  a  blow  torch  to  a  cherr;  red  i 
^olor  'ind  i-miediately  plunging  the  tip  into  cold  .vater.  This  pro- 
2-±jLre  softens  the  copper  tip  and  allows  .nore  heat  to  be  transferred 
to  the  work. 

An  iron  does  not  need  to  be  annealed  very  often,  in  fact  you  may 
never  have  to  anneal  an  iron.    Information  is  provided  in  the  pro- 
cedure step  at  the  top  of  the  next  frame  to  direct  you  if  the  opera- 
tion i5  roQuired. 


3 
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If  you  should  «ver  need  to  annaal  an  iron,  follow  thia  procedure: 
^*    ^*^cSor^^^  "^^^^  *  ^""^^^      outside  heat  source  to  a  cherry 
2.    Plunge  the  tip  into  cold  water.    Biis  softens  the  copper  tip. 


QUESTION  2. 

???????? 


????????? 


?????? 


How  is  a  aolderiiTg  iron  tip  anrealed? 
a.    The  tip  is  filed  to  a  sharp  point. 


7 
9 


^'    iSd^i^ter  *  ^'^^  plunged  into  ?^ 

c.    A  new  tip  i.3  installed  to  replace  the  old  tip. 

_  •? 
^very  condition  is  corrected  so  that  nothing  will  ever  have 
uo  be  done  to  the  soldering  iron.  ^ 


7         A  *^ 


???????????????o?7,. 


????????????? 
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k£t9r  th«  tip  is  an- 
nealed, it  should  be 
smoothed  by  filing.  Use 

a  ^ine  file  to  give  a 
flat,  smooth  surface  for 
tinniiig.    Do  not  ohvige 
thd  shape  of  the  tip. 
Use  light  strokes  while 
filing.    Smooth  each 
face  of  the  tip,  and 
complete  by  polishing 
with  fine  sandpaper. 


QUESTION  3. 

:      After  the  tip  of  a  soldering  iron  is  annealed,  it  should 
?         1.    be  used  innediately  to  see  if  the  solder  sticks  to  it. 
replaced  if  it  shows  any  rough  spots. 

-•    laid  to  one  side  to  permit  it  to  season. 

d.    smoothed  with  a  fine  file  and  then  with  sandpiper. 


?????????????????????79?77?7777 


0    9  9 


A  pliin  joliering  iron  or  copper  is  used  Aere  there  im  no  9lec^i•ij 
ivaiiable  or  whan  it  is  not  dangerous  to  use  a  flame-producing' 
..eat  iource.    An  iron  of  this  type  is  heated  in  i  gas  furnace  or  by  a 

•-:>rrftorcn.    Condition  the  tip  of  the  soldering  ircn  is  vou  would  th* 
M?  -'t  in  e^eztric  soldering  iron. 


one        tea:h  you  to  know  when  i  soldering  iron  has  reached  th^ 
^T>ct  temperature.    Only  experience  can  teach  ycu  this,  but  you  --an 
t.--.  in  iron  by  applying  solder  to  the  tip.    V/hen  the  iron  is  too  hot, 
•-le  5c.aer  will  sputter  and  spread  too  quickly  wher^^a-^  if  the  iron  is 


-30  Juld, 


e  solder  will  not  flow  readily. 


and 


"^'.^     ,^7    7     ?    ?    ?    ?  7    0    9  7  o 


o     r.  ^^ 
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:tr.  tell  if  a  soldering  iron  has  reached  the  ororer  te:nT:ora-? 

1.  v:3tc.hing  the  color  of  the  tip.  ' 

:  .  aripping  water  on  the  tip.  ? 

-.  appl:/lng  solder  to  the  iron.  a 

1.  having  year  instructor  show  you  the  tiling-  to  lock  f^r. 

\  >  rinj  ircn  is  tinned  to  „ 

i.  rrovij^  for  better  h'iat  transfer. 

: .  rrovide  for  ratter  solder  transfer. 

pry/ii^  for  neater  appearing  work. 

I.  nai^e  the  work  if  soldering  .-nuch  easier. 
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=h^^5      *?!  ^^-^  soldering  device  you  use,  a  neat  job 

should  result.    The  solder  must  have  melted  quickly,  dlowed  into  and 
around  Jie  union,  and  then  forzen  into  place  without  Including  air 

particles,  or  other  foreign  materials^  Any 
S  jiint^  *  ^''^^        ^"^^^  electrical  resistance^ 

T.»nJ!!T.'''^?*^^w^"'*^'*"^^^  "^^^^  ^  designed  to  give  up  its  heat 
lll^        to  channel  tlris  heat  direcUy  into  the  warkiag  area.  He- 

niember,  heat  rises.  30  hold  the  iron  under  the  work  to  be  soldered 
not  ever  it.    If  at  all  possible,  let  the  solder  soak  in. 


in.^f^^r*^^''       ^^^^^''^^  ""^st  be  cleaned  as  carefully  as  the  solder- 
?^  cleanliness  is  of  the  utmost  importance.    If  possible  j 

soldering  sho^ild  be  done  in  an  area  that  is  reasonably  clean  ard'f-e« 
from  excessive  dust,    l^rrxft  areas  should  be  avoided  so  that  th-  solder' 
ir.g  iron  'rfill  not  cool.  3"J-a,r 

Part3  cont^in^ited  with  dirt,  oil,  grime,  grease,- etc. ,  cannot  be 
soxderec  successiuUy.    "Bright  -  clean'*  these  parts  mechani'^aTlv  >->y 
cleaning  vith  a  cloth  or  bnish  which  has  been  dipped  in  .alcohol  or^* 
m  some  other  approved  cleaning  solvent. 

Badly  2orrod9d  parts  nay  be  cleaned  idth  fine  abrasive  paper  a 
VI rc  tr^sh,  or  by  scraping  with  a  pocket  knife. 


Q'JZSTICN  7. 


? 


??????????????  7  ??  7  7  7  7  ?  7  9  ???  7  ?  7  9  , 
Material  to  be  soldered  mst  be  cleaned  because 

a.  they  will  look  much  better  on  a  completed  job. 

b.  dirty  material  cannot  be  soldered  auccesafully. 

c.  the  part  to  be  soldered  can  be  seen  more  easily. 


•?    •?    9  O 


?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  7  ?  ?  ?  ?  ?  7  ?  ?  7  7  7  7  7  7  ,  7  7  ,  ,  ,  ,  J  ,  ,  , 


S 
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^zv-i  r~:uirec  :niy  a  small  anoun-  of  a';*iiticnal  solder  tc  complete  the 

I-  \'.rAS         well  to,  praTtin  the  ends  of  «lres  -.'hica  ,:.re  to  be' 
i-.ta-ned  to  a  rev^eptacle  or  ?.  r\"JL«>  Pre-tinning  r.ay       done  -.rith  a 
3oiierin<?  iron  if  there  are  on'.y  a  fen  wires.  ■ 

I:'  there  are  a  larg^  nu^Tiber  of  wire's  to  be  tinned,  it  rn^:/  be  wor-ch 
v.'.ile  to  .is->  ^  '3:>:dering  pot.    Solder  nay  be  placed  ir  soldering 

aiii  .<^;pL  heated  to  a  pre-detemined  temperature.    Instead  of  pre- 
'  inning  each  wire  or  cohn'?ction  with  'an  iron,  dip  s<iveral  in  the  pot 
at  one  tine  nnd  save  time. 


')     ^.  n 


0    7     o    ■■     ')     O    O    *^  •> 


*  •'  3d-- int'i^e       -^sing  a  ,^old.ering  pet  to  ore-cir.  -.ares  and  c:.h3r 

r.  i'-.erial  is  th^t 

H.  nre-t irjiLng  will  be  unifoiTfi. 

■: .     :  '  .ri'/^.f  sol  ier . 

& . 

'  '       '■■>■  ^7     o  ^5    n     r  o  n      ^     ^  '  ^ 
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Solder  is  a  ...  -cture  of  tin  and  lead.    There  are  as  nany  kinds  of 
solder  as  t^here^are  tiii  and  lead  comhinations .    More  tin  added  makes 
the  solder  harder  but  it  will  crystallize  and  break  easily,  while 
3older  vrith  nor?  l?ad  than  tin  will  be  soft  but  not  -/err  strong. 


Soft  solder  is  the  type  used  for  vdre  splicing,  radiator  repairs, 
and  Jobs  requiring  small  amounts  of  solder.    Soft  solder  is  often 
r.nds  in  plain  'solid  vdre  form),  or  it  may  be  hollow  enclosing  a  -^ore 
.^f  acid  or  rosin. 

Hard  -older,  often  called  "brazing  solder,"  is  a  silver. alloy  which 
ij  used  vhen  greater  .Tiechanical  strength  or  exposure  to  higher  tem- 
T'^rar/jres  is  r-^cuired.    Hard  solder  includes  a  ^erlain  percentage  of 
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Do  Not  ^se  on  che  Job. 


Thift  programmed  text  wiie  developed  for  uee  in  3ABR47330*  Automotive 
Repairman  Course. 

OBJECTIVES 

Upon  completion  of  this  programmed  text  the  student  will  be  able  to  explain: 
I.    The  servicing  of  Air  Force  vehicles  operating  in  varipus  climates. 
The  storage  of  Air  Force  vehicles. 

3.  The  shipment  of  Air  Force  vehicles. 

4,  Corrosion  Control  of  Air  Force  vehicles* 

ff 

An  accuracy  of  70%  must  be  attained  on  the  criterion  test  which 
measures  the  text. 

INSTRUCTIONS 

Note:       I.    Read  each  bit  of  information  carefully*    Answer  the  question(s) 
after  each  bit  of  information*    Record  your  answers  in  the 
appropriate  space  on  the  answer  sheet  given  to  you.    In  some 
cases  you  are  required  to  match  a  series  of  questions  with 
at  least  three  (3)  alternatives.    In  such  cases,,  consider  the 
alternatives  as  part  of  each  question  and  select  your  answers 

If  you  have  any  questions,  ask  your  instructor. 
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The  United  StaUs  Air  Force  la  dlXfMnt  Crtei  «^  ecMMrelel  or 
civilian  concern  you  hcv*  ever  )ia^  ootitaet  wltii.  Where  olTill«Q  bus- 
inesses are  concerned  nith  Mnr^inc  jmt  veliiele  for  IbeaS,  uaase,  th» 
Air  Force  Is^concemsd  with  worl>i-Mid«  pperatlons.    A'a  ^  reanlt^  the 
Air  Force  mechanics  are  generally  nore  Teraatlle  in  their  serrlelng 
procedures  than  are  their  civilian  eounteiparts. 


In  the  next  few  frames  of  this  lesson  ve  will  be  discussing  the- 
types  of  ser'/icing  required  for  vehicles  operating  In  various  clinates.! 
Primarily,  we  will  be  concerned  with  clijaates  where  the  teaperatures 
reach  }2  F.  or  below.    Consequently,  the  title  of  thiai  sub-sequence 

win  be  '•Wlnterliation.'' 


As  .  you  know,  vihen  the  tenperatures  are  below  32  F.  water  will 
freeze,  oil  flows  slower,  and  moving  parts  .that  have  been  lubricated 
are  harder  to  operate. 


:iUESTlON    1.  .  '  ' 

f??????77?  ???????????????????????.  ???? 

?     Vohiclea  operating  In  temperatures  below  32°F.  require  ? 

?        a.    different  servicing  than  vehicles  operating  In  tenperatures  ? 
above  32^. 


? 
? 


b.    the  same  servicing  as  vehicles  operating  In  tsi^yeratures  above 

32  F.  •  , 


c.  no  special  servicing. 

d.  special  servicing*  of  the  lubricated  parts  only. 


? 

•7 


?7???????????????77?'??7.7??77???7???7? 


1 
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««ty  of  thm%  v«hicl«.  .Of  courM,  satisfactory  operation  of  tho 
vohicla  nould  not  b«  =  obtainod  if  ths  vahicU  im-t  3ntariz#d  Fail 
UTS  to^frij.  a  vahicla  could  rsmat  in  IdST^iSi'S  S; 
toree  and  poasibla  daaiaga  to  tha  vahicla.    Kaap  iTKd  that™  ari 
<li3CU3sin«  araaa  whara  tha  tamparatura  is  }2^or  1™.  * 


QUESTION  2. 

????????????????????  7  7  ?  7  ,  7  ,  7  ,,,,  ^  ,  ^  ,  ^ 

Wliat  doaa  "wintarization"  aaan?  ? 

?        a.    The  vehicle  has  been  serviced  to  operate  in  moderately  cool  , 
temperatures.  • 
•?  ' 

b.    Tha  vehicle  is  equipped  and  serviced  to  operate  ijj  extrwiely  ? 
,  cold  temperataires  only. 

been  serviced  to  perfom  safely  and  satisfac  ' 
toriiy  in  extremely  cold  temperatures.  o 

* 

d.    The  veW.cle  cannot  operate  uJ^d^r  extremely  cold  temperatures.  , 


r?  ??????????????????????,,,,, 
QUESTION    1.       ■  * 


???????? 


^?  ?  ?  ?  ?  V  ?  ?  ?  ?????????????????  7  ,,,,  7  ,,,,  , 

'  J*"*^  ?f         serviced  to  operate  in  temperatures  below  ? 

^  32"F.  (extf^ely  cold  temperatures)  has  bean 

a.  cold  treated.  ? 

?        b.  winterized.  ^ 

7        c.  cold  weather  serviced. 

,        d.  clinatiiad. 

^  :  ?  7  7  ?  7  ?  ?  ?  ?  ?  ?  7  ?  ?  7  7  7  7  7  ?  ?  7  7  ?  7  ?  J  7  7  ,  7  7  J  7  ,  ^  7 


Answers:    1.  c 


3.  b 


,*i  ■  ■  '.it; 


It  la  virtually  lAposaiblt  to  mtmorlzt  all  of  th*  proc«dur«8  necea- 
9&ry  to  accoiRpliah  all  tli«  atrvleiDg  Taqairfd  on  Air  Porca  vahiclas. 
The  most  Important  thing,  to  rmtibar  ia,  "If  yoa  don't  khw,  eonault 
the  appropriate  Technical  Ordar.'^ 


1  - 


Although  winterlzatlon  means  that  a  vehicle  haa  been  serviced  so  as 
operate  safely  and  satisfactorily  XA  extreaaly  cold  teaperaturee. 
it  must  be  noted  that  varying  degrees  of  cold  climates  dictate  varying 
degrees  of  vrinterization.    For  example;  If  a  vehicle  is  to  be  operated 
in  tonperatures  varying  from  32^".  to  J^^.  it  is  safe  to  assume  that 
the  winterization  process  would  difWr  from  that ^f or  a  vehicle  being 
operated  in  temperatures  constantly  below  -30°F. *  Technical  O^der 
36-1-7  explains  specifically  how  a  vehicle  will  be  winterized  in  order 
to  meet  certain  climatic  conditions. 


T.O.  36-1-7  •xplains  tlw  foor  typ«s  of  wlntvrlzatian.  V«hlclM 
ar*  sanrlcad  for  grpo  "A"  wintarlzation  ufam  tlM  t«a|>«ratur»  rangM 
fren  -10^  to  -6$°7  i^en  pn-hMt«r  faeilltiat  art  arallabla.  B«ccum 
pra-naatar  faclXltlaa  ara  avalXabla,  Tjrpa  "  **  vlntarisatlon  Is  con- 
sidarad  to  ba  "normal.^* 


QUESTION    U.  '  1^ 

7????????'.  ??????????????????????????? 

?  VRiich  of  tha  following  araaa  raquira  ^rpa  '*A**  vlntarlsatlan?  • 
7        a.    Gjctronaly  cold  and  do  not  ha^a  pra-ha^tar  facilltiaa.  ^ 

.  b.    Extranaly  cold  but  do  not  naad  pra-haatar  facilltlts. 

?  ? 
c.    Extrwaly  cold  and  hava  pra-haatar  faciUtifa. 

?        d.    Not  balow  fraazing  but  hava  pra-haatar  facilltiaa.  ? 

????????  ????????7???7??7???7?????7?7? 

QUESTION    5.  ^ 

??????  ??????????77??777?????????????? 

?     Which  type  of  winterlzatlon  JLa  parfor^ad  on  vahiclas  operating  in  ? 

temperatures  ranging  from  -10^.  to  -6$  F.  vhare  pra-haatar  facilitiaa 
7  are  avallable7  7 

7        a.    Type  "A**  uintarizaticn.  ? 
b.    Type  "B"  wlntarization. 


7 

c.  Type  "C"  wintariaation. 

f  , 

d.  Mo  winter! sation.  ' 

7???7???777?-??????77?7  7  77?777?77777?7 


Annwera:    4.  c 


.5.  • 


sordUig  to  T.C.  36-1-7.         "B"  winUriiatloii  la  alBilAr  to 
Typ«  "A-  cccapt  that  Type  "B"  1«  cmdaeM  in  mma  ttet  do  not  hmvo 
SriT!**'  f«illtUr.  For  mp|a«:   Tho««  YahlcUa  lAdeh  optrata 
^  ?  ^^V***  "I^J*  alactrlcal  faciUtiaa  noulihav*  to 

^^ifi;*!?  S?"'       wmtarlzaUon.    Thia  typa  of  wlntarl«atl(«  la 
caJLlea  "abnormal.** 


gUESTION   6.  ■ 

?  ?  ?  ?.  ?  ?????????????  7  7  ??????????  7  ?,  7  , 
7     What  is  Type  "B"  wlnterizatlon? 

a.  Servicljig  a  vehicle  to  operata  aafaXy  and  satisfactorily  in 
temperatures  ranging  from  -10*¥.  to  -6?'f.  where*  thare  are 

^  no  pre-heater  facilities. 

b.  Servicing  a  vehicle  to  operate  safely  and  satisfactorily  in  ' 
?  ten9>eratures  above  32^. 


c.    Servicing  vehicles  to  operate  aafaly  and  aatiafactoniy  ir 

 ^  .  ^   .    .  _^^oJ" 


areas  where  *^a  temperature  ranga  la  from  -10 
where  pre-heater  facilities  are  available. 

d.    Servicing  vehicles  to  operate  in  areas  so  they  will  not 
freeze  lAen  the  vehicle  pre-heater  la  used. 


in 


??'•?????  7  ??????????  7  7  7  7  7  7  7  7  ,,,,,,  ^  ^ 
QUESTION    7.  ■      '  ,  . 


???????????????777707,,^, 

'      •      *      •      •      •      *     ■  ^  ^ 


9  0 


'     What  type  of  winterizatlon  is  given  tg  a  vehicle  that  is  to  operate  ? 

"  n-/h«!^^'f^7.^?^*•                 ^  ^•'^  «°  electrical  or 

•  pre-heater  facilities  are  available?  7 

?        a.    Type  "A"  (normal). 

b.  Type  "B"  (normal).  ' 

c.  Type  "B*'  (abnormal).     #  ? 
??????  ?  ?  ?-????????%???  7  7  7  7  7  7  7  ^7  7  ^  ,  ^  ,  ,  , 


s 


6. 


Answers:  6*    a      7.  c. 


Still  another  type  of  wlnterlsation  explained  in  T.O.  36-1-7  ii 
known  ai.  "partial"  wlnterisatloa.    Partial  idnterisation  la  Type  "C** 
and  is  used  ^erall/  for  arees  that  are  Mtraer  than  are  Types  **A" 
and  "B**.    The  tenpera tares  for  Type  '*C**  uinterix«tlon  range  froa 
32^.  to  -10^.    Therefore,  Type       winterizAtion  is  for  areas  with 
temperatures  dif'ferent  than  for  Types  "A"  and  "BP*. 


QUESTION  3. 

????????????????????????????????????? 


?     Which  range  of  temperatures  are  for  Type  "C"  vlnterizatian?  ? 

7         a.    6^^.  to  3?°F.  ? 

b.     3?^F.  to  -69°F. 

•         c.     }?°F.  to  -10 °F.  ^ 

?         d.  -10°F.  to  -65''f.  j  ? 

'>'>707777'.  07777777777  V  ???????????????? 


QUESTION    9 . 

7')'>'''?7'>'>777777  ???  ?????  ?????? 


?     Vehicles  w^ich  are  required  to  operate  in  tamperature,s  ranging  from 
32<^.  to  -10  F.  will  be  given  which  of  the  following  types  of 

wlnterization? 

?         a.    Type  "B".  ^ 
7         b.    Type  "C".  • 


c.  Type  "A**, 

d.  No  winterisation. 


?  ?  ?  ????????????????????????*??????????; 

^  r 


6 


QU fiSTIOHS  .  10  thTQUfh  la. 


Fr,«i  7. 


For  «Aeh  question  5«l«ct  eithar  «»  b,  or  c  for  th«  eorrtct  tnmr. 


10.  "Abnomal*    beciust  no  pr«>hMt«r 
facilities, ar«  avall«bl«  audi  tha 

tempera tur4  is  fror.  -10*^.  to 
-65^. 

11.  "Normal*  bscaus^  pra-haater 
facilities  are  available  and  the 
temperature  range^  la  from  -10^. 
to  -6$^. 


a.  Tjrpa  "A*  nixtteriz*-  .? 
tion. 

b.  Type  '•B^  iiinteriza- 
tion.    •  ? 

=  •    Type  *'C"  winterize-  ? 
tion. 


1 


arbial"  because  the  temperature 

rang'es  from  32°F.  to  -10  F. 


? 


??????????????????    ??  ?????? 


Th*  fourth  and  last  type  of  winterization  ve  vill  discuss  is  Type 
"D".    This  v/interization  procass  does  not  involve  any  special  servi- 
cing.   It  is  used  for  materials  handling  equipment  which  is  to  ba 
used  Inside  a  heated  building  at  all  tines.    Electric  azvi  hydraulic 
forklifts  are  among  ths  types  of  equipment  i^ch  require  this  type 
of  winterization. 


7  49.' 


?     For  what  type  of  v«hicltts  It  Typ«  "D**  winUrlsatian  d«ti|^?  ? 

?        t.    Vehicles  vhich  ere  to  be  used  outside  aelf.  7 

^        b.,   Vcthicles  which  ire  to  be  used  inside  mostlj  but  oceasiane^-l/ 
are  used  outside. 

?        c.    Vehicles  used  inside  only  and  which  do  not  require  special  ? 
servicing. 

?  ? 
d.    Vehicles  iihich  are  not  affectea  by  cold  tenperatures. 

7  •■  ■  ,  7 
?????????????????????????.???????????? 

'QUESTION  lU. 

????????????????????????????????????? 

7     What  type  of  winterization  is  required  for  vehicles  that  are  to  be  ? 

used  inside  heated  buildings  at  ell  times?    This  type  of  winterize- 
?  tion  does  net  require  special  servicing.  7 

^        a.    Type  "B*'  winterization.  ^ 

b.  rype  "C"  winterization. 

?  ^ 

c.  Type  "A"  winterization. 


? 


d.    Type  "D"  winterization. 


???????????????????????  ????7??????7?? 


8 


An«wert:    15.    c       14.  d 


Vint«rlz»tion  of  a  vehicl*  incXud«s  sorricing  ttm  ooolii^  system 
with  1  solution  tc  prevent  Its  freezing.    Ethylene  glycol  is  the  type 
of  tnti'freeze  generally  used  by  the  Air  Force.   Vhen  Types  "A"-  end 
"B"  winterlzation  is  perfomed,  the  cooling  systen  will  be  filled 
with  i  pre-mixed  solution  that  doesn't  require  water.    Ihis  mixture 
is  a.1  arctic  conpound  that  is  specified  in  T.O.  36'>l-7. 


i^ESTION  .15. 

????????????????????????????????????? 

Wh.it  type  anti -freeze  is  used  for  Types  "A"  and  "B"  winterization?  ? 

a.    Ethylene  glycol.  ? 

?        b.  Alcohol.  ? 

c.  Arctic  compound  requiring  water.  ? 

d.  Arctic  compound  that  does  not  require  water.  ? 

7????????????????????????'?'>'>'?'>'?'?'>'>90O 


In  arctic  areas  vdiere  the  temperature  ranges  from  -10  F.  to  -65*^F. 
it  is  extremely  difficult  to  have  an  uiti-freeze  which  contains  ^ 
water.    When  operating  vehicles  in  these  temperature  ranges,  a  pre- 
fixed solution  is  used. 


9 


Frm  10. 


Answer:    15.  d 


?????????????  ?-7????????????7????77jy77 

Pre-ndxed  solutions  of  anti-fresze  is  ased  for  %^ich  typ«(s)  of  ' 
winterization?  .  k 

'                                     -  ■  ^  *> 

a.  Type  »D" .  I 

b.  Types  "A"  aiid  "B".  ' 
?         c.  Type  "C".  7 

??????????????????????  '???77??7  7777779 


On  types  of  winter!  ration  othsr  than  Types  "A**  and  "B",  ethylene 
glycol  may  be  added  to  thn  vehicle's  cooling  system.    When  ethylene 
glycol  is  used,  no  other  wti -freeze  solution  may  be  added.  Mixtures 
of  ethylene  glycol  and  alcohol  are  not  permitted. 


QUESTION  17. 

?????????????????????7?777'>'>9«>'>9«>«>9'>'> 

•     Whit  is  the  acceptable  solution  for  Type  "C"  wlnterization?  '  ? 

a.  Alcohol  and  water.       '  ? 

b.  Alcohol  and  ethylene  glycol.  ? 

c.  Alcohol  without  water.  ? 

^  d.  Ethylene  glycol  and  ^ater.  ? 
?????????  ????????7?????77??7077777777 


10 


Answers:    16.    a  "   17.    d  FraA« 

qMESTION  IS! 


11,  I 


i 

7     When  may  alcohol        athyleiM  glycol  b«  mixed?  ? 

?        a.    Never.                   '  ? 

?        b.    Anytime.  ? 

?        c.    On  special  occasions.  »  ? 

?        d.    In  nild  tenpemtures.  1 

????    ?    ?    ?????????????????????     ??    ?  ??????? 

QUESTION    19.  .... 

????????????????????????????    ???  '>'>'?'>'>'> 

?     Ethylene  glycol  and  water  la  an  anti-freeze  solution  used  for  whieh  ? 

type  of  winterisAtion? 

?  o 

« 

a.  Type  "C" . 

?  ? 

b.  Type  "D". 

?' 

c.  Type  "A". 

:  •  ? 

d.  Type  "B". 

?  '  ? 

????/????????????  ?????????????'>'>'>'?'?97'> 


Answers:    18.    a      V?.  a 


In  any  type  of  vehicle  winter! sation,  the  cooling  systeM  ahmld  be 
protected  to  a  level  that  would  prevant  it  from  freezing.    If  you  are 
located  in  an  area  where  the  loweat  expected  taaperatuge  la  -UO**F. 
the  cooling  system  should  be  protected  to  at  least  -50  F.    If  the 
lowest  expected  tampera'ture  is  to  be  32  F.  then  the  cooling  systesi 
should  be  protected  to  22*^. 


QUESTION  20. 

?     Using  the  inionnation  given  ibove,  selec*  the  correct  statement.  ? 

?'       a.    Cooling  systems  should  be  protected  to  at  least  50  degrees  ? 
below  the  expected  low  temperature. 


b.  Cooling  systew  should  be  protected  to  at  least  UO  degrees 
below  the  ejected  low  temperature. 

c.  Cooling  system  should  be  protected  to  at  least  10  degrMs 
above  the  lowest  o:q>eoted  temperature. 

d.  Cooling  system  should  oe  protected  to  at  least  10  degrees 
below  the  lowest  expected  tanperature. 


7 

« 
* 

? 


12 


frmm  1?. 


Is  •  cold  cliinmt*,  «1I  y«iilel««  should  be  ulnterised  and  have  thalr 
radiators  .protocted  with  anti^fraase. 


r 


3US.TriON  21. 

V 

?     The  protection  for  a  vehicle's  cooling  aystflii  should  be  ? 

?        a.    10*  below  the  expected  low  tenperature.  ? 

?        b.    20**  below  th-;  expected  low  taKperature.  ? 

?        c.    30°  below  the  expected  low  teiiperature.  ? 

?  d.  UO*^  below  the  expected  low  temperature.  ? 
?????????????????????????????????'???'? 


Now  that  you  are  familiar  with  the  term  "winterization,"  let's 
move  on  to  another  very  in5)ortant  aspect  of  vrtiicle  servicing,  "Th^ 
Storage  and  Shipment  of  Vehicles." 


t 


13 


1 


^n^er:   21.  a 


The  United  States  Air  Force  and  other  governneatal  agencies  have  a 
tremendous  supply  of  vehicles.    At  any  given  time  there  may  be  more 
vehicles  available  at  a  given  base  than  are  needed.    Therefore,  it 
becomes  necessary  to  store  these  excess  vehicles  for  future  use.  All 
sich  stored  v^ilcles  must  be  protected  to  guard  against  rust,  corro- 
sion, pilferage^  and  other  such  losses. 


QUESTION    22.  . 

??????????????  TTi????????????"^?^*^?*^*^?? 
?  A  logical  thing  to  say,  then,  would  be  that  ? 
1  =1.  vehicles  are  stored  so  as  to  prevent  deterioration.  ? 
V?  b.  vehicles  are  stored  so  as  to  cause  deterioration.  ? 
?  c.  vehicles  cannot  be  stored,  ? 
?  d.  the  Air  Force  has  too  many  vehicles  available.  ? 
????????????????????????????????????'' 


Q'JEoTiai    2  3. 

???????????????????????*?????????????? 


?     When  vehicles  are  stored  for  possible  future  use,  these  vehicles 
must  be  protected  against 

1.  o\it3ide  air. 

b.  inside  heat  and  humidity. 

c*  rust,  corrosion,  and  pilferage* 

d.  nothing. 


7 


9 
*7 


?   ?????????????????????????    ?  Z???????*^? 


V 

\ 


4  " 


\ 

FRir 
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Answer*:  '  IZ.    a  Zi. 
QUESTION  ?U. 


FraiM  15, 


9         »  1^ 


J/ehicles  4re  protected  tgMlna%  iu«t»  corrosion,  and  pllfence  when  ' 

they  are  to  be  V                             >  * 

a.    "Winterized.  ~         .       •  •  * 

t>.    protected.  ^  ^ 

? 

c.  overhauled. 

d.  stored.  . 


r^.'^^TnT ®  Of  Storage  for  goven»ent.oimed  /ehicles. 

90  dVa         »cc«^lished  on  vehicles  to  be  stored  in  eiKese  of 


QUESTION    25.  ' 

???????????????  7  ?  7         7  ,  7  ,  ^  ,  7  7  ,,,,,,,,  , 

"  ^r^^ y^''  ^yP«=,<5f  storage  used  on  goverrcnent  vehicles,  the  one  that  •> 
^  affords  protection  for  90  days  or  more  is  celled 

*  * 

a.  Level  "B". 

b.  Level  "C".  .  ,  '  i 

c.  Level  "A".  '  ' 
X     d.  Level  "D«; 


? 
? 


?  ?  ?  r  ?  ?  ?  ?  ?  7  7  7  7  7  7  7  7  7  ,7  ^  7  ,  ,  7  ,  ,  ^  ,  ^  ^  ^  ^  ^  ^  ^  ^  ^ 


Irm  16. 


Anawecs:  24.  d      25.  c 


26. 


?*?????????????????????????  ??????????? 

?  If  you  procMs  4  govenwwnt  vahielt  for  storagv^to  guard  tgmlnst  7 
^  nistf  corrosion,  and  pilC^ag*  and  yon  glv«  tha  vahleXa  Lavtl  ^k^ 

?  processixig^  the  vehicle  is  thai  protected  for  ? 


?  a,  90  deya.  or  more. 
?        b*.    90  days  or  less. 


9 

♦ 

'  c.  indefinite  periods.  ? 
?  Immediete  uae«  ? 

????????????????????????????????????? 


QUESTION  27. 

??????????????????????'??????,???????? 

?     Select  the  correct  statanent  from  those  listed  beloic:  ? 

?        a*    Level  "A**  storage  protects  vehicles  for      days  or  less  vhile  ? 
in  storage. 

?  ^        '  ? 

b.    Level  "A**  storage  protects  9^ored  vehicles  for  an  indefinite 

?  period.  ? 

?        G.    Level  •'A''  storage  protects  stored  vehicles  for  90  days  or  ? 
.  more. 


d.    Level  ^'A^  storage  does  not  protect  storec  vehicles* 


??  ??????????????????????T  ??????????? 


16 


frmm  17. 


Occasionally  it  is  nacastanr  to  ttor*  a  ▼•hicla  for        xhm  90 
d^9.   This  storage  is  loom  as  Laval  "B^  ttoraft*   AXthoa^  it  is  for 
a  shortar  ^riod,  thasa  ▼ihlelaa  mat  also  ba  traatad  so  tint  thay  ara 
protected  against  mat,  corroalOB,  sad  ptlTaraca. 


i^ESTION    28.  , 

?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  7  ?  ?  ?  ?  7  7  ?  ?  ?  ?  ?  7  7  7  7  7  7  ,  7  ,      ^  , 

?     Level  "3"  storage  is  for  vehlclaa  storad  for  ? 

?        a.    <?0  lays  or  more.  9 

?               90  days  or  less.  7 

?        c.    indefinite  periods.  7 

?  i.  immediate  use.  <> 
??????????  >???????????777?7,,  7,  ,7, 


;USSTI0N    ?9.  • 

???????????  ^    T?????????????????-)    '  99 


n 


V/hen  a  vehicle  is  to  be  protected  against  rust,,  corrosion,  and 
pilferage  for  storage  periods  not  to  exceed  90  days,  it  is  given 

a.  Level  "A"  storage. 

b.  Level  "B^V  storage. 

c.  no  storage. 

d.  no  protection. 


? 


?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  7  7  ?  ?  ?  ?'?  7  7  7  ?  ?  ?  7  ?  ?  7  ?  ?  ?  ?  7  ?  ? 


17 

'  4. 


ir 


18. 


Answers:  28»  b      29./  b 


2- 


?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  0  ?  ?  ?  ?  7  ?  ,  ,  7         7  7  ,  ^  ^  ,  ^  ,  ^  ^  ,  , 


? 
? 
? 

* 

? 


k  correct  statement  about  vehicle  storage  is  that, 

a.  Level  -A"  storage  is  used  for  stor&g  vehiclea  for  90  day* 
or  less.  ^       ^  ^ 

b.  Level  "B"  storage  is  used  for  storing  Tshiclea  for  90  days 
or  inoro. 

c.  Levels  "A"  and  "B*'  are  not  terms  associated  4lth  vehicle 

storage.  .  . 


? 

? 
? 

? 

f 


^^''lias^"  storage  is  used  for  storing  vehicles  for  90  days  ? 

??????'?  ?%•?  ????????  7  7  ^        ^  ,  ^  ^ 


Ty^rli/Tr  t?^        necessary  to  store  a  vehicle  for  an  extremely  sh^ 
period  of  time  you  would  process  this  vehicle  for  Level  "3"  storage? 
This  type  of  storage  might  only  involve  removing  the  batterr  f%2^the 
vehicle  until  the  vehicle  is  mady  to  be  used^^StoragrfLTll^s 
and  time  is  very  limited  on  this  type  of  storage.    "  "^^^-^l^lM 


QLTESTION  31. 


?????'?'''>7'>0^909 


\ 


????????????????    7    ?   7   ?   7    7  ? 


?     "Li>T»ited"  storage  is  called 
?  a.    Level  "A"  storage. 

?  b.    Level  "B"  storage. 

? '  ^  c.  Level  "C"  storage. 
'  d.    Level  "D"  storage. 

???????=?  ???????7?? 


7 
9 


?  ?  ?  ?  ?  7  ?  ?  ?  ?  ?  7  7  7  7  7^7  7  7 
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^              Answers:    30.    d       31.    c  PrsM  19. 

* 

QUESTION  32.  . 

_          ?  ?  ?  ?  ?  ?  ??????????  7  7  ???????  7  ?  ?  r  ?  ?  ?  77??? 


^  "Suppose  you,  a«       ^^g^^^^  ^^^^  ^  nioiasiiy  to  erdtr  «  ^^^^  j^^^.  , 
1  vehicle  >Aioh       are  repairing.    It  vill  take  apprexlMtaly  four 
U)  d«y8  for  this  part  to  arrive.   Ton  mut  prooM  tDl»v«hiola  for  7 
storage.    What  level  of  storage  will  you  perfon? 

a.  Level  "B".  ^ 

b.  Level  "C;  -  '  , 
^        c.    Level  "/I'*. 

? 

a.    Level  "D". 


0 

???????*????????????  7  ???????  7  7  ,  7  7  7  ^  , 
QUESTION  33.  .  - 


-  The  reason  you  would  proceaa  the  vehicle  described  in  the  preceeding? 
^  :rim&  for  Level  "C"  storage  is  because  Level  "C"  storage  is  for 


a.  90  days  or  less. 

b.  90  days  or  more. 

c.  all  vehicles. 

d.  "limited"  service  or  storage. 


'::^:>^????r????????????7???777,,7,^,,,, 

QUKSTION  34. 

??????????????????????  7  ??  0         7  7  ,,,,  ^  ^  , 

Vny  vehicle  which  :an  be  driven  away  on  short  notice,  or  one  that  ? 
is  deadlined  waiting  for  parts,  is  stored  in 

a.  Level  "C"  storage. 

b.  Level  "A"  stocage.  ^  '  *  ? 
?         c.    Level  'B"  storage.            t  ' 

^        d.    any  level  storage. 

"???????????????  7        7  7  7  7  7  7  7  7  7  ,  ^  7 


?  " 

O    t    '>  ^ 
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O  '.J 


?7?????????????7????????J  ????????.???? 


?    Let*  9  see  IT  /ou  retoeaber  all  of  the  different  levele  of  atorace.  ? 
Match  the  right  coltvm  below  vtth  the  left  eolttm. 

?  ^  ? 
  i5.    Level  ••A"  storage.  a.    90  days  or  less. 

b.    90  days  or  more. 


? 
? 


36.  Level  "B"  storage. 

37.  Level  "C"  storage. 


c.    Limited  storage; 


0 


????????????????????????????????????? 


0 


Because  there  are  so  many  different  service  itema  to  perform  In 
prepiring  a  v^iicle  for  storage  It  is  virtually  impossible  to  rem«n~ 
bar  thetn  all.    The  iiqportant  thing  to  rsnenber  ia  that  the  Air  Force 
his  a  Technical  Order  which  gives  a  step*by-step  breakdown  of  Hhe 
servicing  required.    Always  be  sure  to  consult  the  appropriaW 
technical  order  before  attempting  to  store  a  vehicle. 


Level  "A"  stored  /ehicles  are  subject  to  periodic  inspections  to 
determine  their  condition.    Every  90  di^s,  all  Level  '*A'*  st<»>ed 
vehicles  will  have  an  inspector  walk  by  and  take  a  look  at  them  to 
determine  if  any  physical  damage  exists. 


ERIC 
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Answers:    39.    b      36.    a     37.    e        '  FfM  21. 

QUESTION  38. 

t  r  i  f  r  r  1 1 1  ^  1 1  f  t  r^^  t  v  1 1  t  t^  i  ?  t  n  y  •  1 1 1 1  f  1 1 


This  inspection  of  Uvtl  **A"  ttortd  v^hiclM  it  called  a  ? 

?  a.  visual  InspactloD.  ? 
^       b/  copplata  inipactlao.  ^ 

c.    partial  inspection. 
driva-a'Ay  Inspaetion. 

???????????????  7?7?7?7???7????77????? 

QUESTION  39. 

?????????  ?????*???7??7??77????7??????? 

VisKtal  inspections  are  conducted  eveiy  90  dajs  on  Lenrel  "A**  stored 
vehicles  to  detemine 

>  * 

a.  physical  condition. 

b.  internal  condition. 

c.  engine  condition.  ? 
^        d.  all  of  the  above.  ^ 

????????????????????  ??7????7?7??7???? 
QUESTION  40.  ] 

???????????????  ????????????????????7? 

Inspections  that  determine  the  general  physical  condition  of  Level  • 
"A**  stored  vehicles  are  called 

•  ■  » 

a.  physical  conditioning  and  are  conducted  eveiy  90  days- 

b.  complete  inspeotions  and  are  con<kxcted  every  90  days. 

?        c.    internal  inspections  and  are  conducted  every  90  days.  ? 

n        d.    visual  inspections  and  are  conducted  every  90  desrs.  •> 

(  '  •' 

???7777??7?7?7???7777777???7?77??.7??? 
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Every  6  nsntha  (180  ^tys)  1%  of  -At  Uv%l  "A"  stored  /•hides  will 
be  taken  oat  of  storage  and  put  Into  running  condition  to  determine 
if  they  function  properly. 


»  L 


QUESTION  41. 

??????  7?  V??????????????????777??????? 

?     This  type  of  inspection  is  called  a  '  ? 

?        a.    functional  inspectiop.  ? 

?        b.    partial  irspection.  ? 

c.    visual  inspect QipV  ? 

?  *      d.    physical  inspection.  ? 


*>         •>  9 


?????????????????.???????' 77777  77,  7 


l( 


»    At  the  end  of  the  I80  days,  if  the  1%  of  the  Inspected  vehicles 
function  properly,  they  are  re-processed  for  Level  "A"  storage  and 
left  until  the  next  l8o-day  cycle  when  mother  1%  will  be  functional- 
ly inspected. 


\ 


0"  . 


Answer;  m 


Pr«M  2). 


QUESTION  42. 


7        a.    Uvel  "A"  stored  v«hicl«8  Are  fanctloEUll/  Inspected  every  ? 

three  nontha*  -  i 

b.  ^  Il  of  the  Level  "A"  stored  vehicles  are  visually  Inspected  ^ 

every  90  days. 

?  •  ? 

c.  1$  of  the  Level  "A"  stored  vehicles  are  functionally  Inspected 
?              every  l80  days.  7 

d.  All  Level  "A"  stored  vehicles  are  functionally  Inspected  evety 

180  days.  ? 

?????????:??????????????????????????? 

QUESTION  43. 

???????????????????????????7???7'»??77 

A  fuii'^tlonal  inspection  of  stored  v^ilcles  means  that  the  vehicles  ? 

will  be 

?  7 
a.    looked  at  carefully. 

restored  to  a  running  condition. 


b. 

c  .  overhauled. 

d.    left  alone  for  180  days. 


7 


V????  ???  ????????????????  ???7">ooo9oo*?9 
QUESTION  44. 


^  o  o 


of  Level  "A"  stored  vehicles  will  be  functionally  inspected 

every 

a.  90  days. 

b.  60  days, 
-c.    160  dsys. 

ci.    30  days. 


?????????  ?,?  ??????  ????????????7???7?? 
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Answer  i:   42.    c~      43.    b      44,  a 


Whan  availablt,  bulldinc«  f  tt««d  to  0tor«  ▼«lilel«s.  V«liiel«s 
may  b«  stofftd  outsld*  when  Inald*  storage  areas  are  not  avUable. 
Where  a  vehicle  is  stored  dsp«ids  on  the  existinc  reqairwwnts. 


QUESTION  45.' 

???????????????  ???7r???????7???7????? 


9 


Vehicles  may  be  atored 

a.  inside  only. 

b.  outside  only. 

c.  mostly  inside. 

d.  inside  or  outside. 


■ 

•7 

? 
? 


7 

???????????????????????77??777  77777'j7 


24 


Answer:    45.  d 


2$. 


When  i^flhicles  are  stored  outaide  ^bv  ^  subjected  to  ell  the 
natural  weather  eleMOte.    thie  nMM,  of  conree,  that  tlie  bodies  esd 
hulls  will  collect  water,  snow,  end  ottaar  foms  of  aolst»re.  mA 
of  the  vehicles  must  be  raised  sUriitly  to  eUow  eoUectiooa  of  water 

and  moisture  to  drain  oit. 


L 


<5PESTI0M  U6. 

,^o???o??????????????????7777  ???????? 
?  Vehicles,  then,  that  are  stoved  oataide  will  have  ? 
?  a.  both  ends  jacked  up  level. 
?        b.    neither  end  elevated. 


c.  one  side  elevated. 

d.  one  end'  elevated. 
??????? 


FraM  26. 


Answer:  46.  ^' 


l£  v«hiclo8.  «re  stotwd  outaid*  on  itt^ural.  t«rrftlii,  th«  «rM  mat 
ahed  water  rapidly  «nd  rmin  fairly  solid  iadar  all  mathar  condiUona 
As  a  fire  aafety  precaution,  all  graaa  and  weeds  will  be  kept  to  a 
rdnimun  in  the  atorage  area. 


QUESTION  47. 

?????????  ?????????????  ???777?7??77777 
?     Select,  the  correct  statament:  ? 

7        a.    Vehicles  may  be  stored  on  soft  ground  but  the  graaa  and  veada  ? 

must  be  cut.-         '  i  ' 

'  ? 

b.    Vehicles  may  be  stored  outside  on  sAft  ground  as  long  aa  the 
?  terrain  has  good  drainage.  ? 

?        c.    Vehiclea  ahould  be  atored  on  solid  aoil  with  good  drainage,  ? 

and  weeda  and  grasa  will  be  kept  to  a  ndnimun  in  the  area  to  ^ 
?  prevent  a  fire  hazard.  ? 

?        d.    Vehicles  should  be  atored  on  hard  ground  with  good  irainag«.  ? 
but  weeda  and  graaa  should  be  .permitted  to  grow  aa  tall  as 

?  they  will.  ? 

?????????????  ????????????????o97779?7 
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Answer:   47.  c 


27; 


Most  vehlcXts  cm  b«  sftf«ly  aiorvd  outaida.   Howwar,  mm  vahlelM 
should  be  stoM  Inald*.    Vfhiclas  tach  as  flra  trucks,  vahlolaa  con- 
taining alectrooic  equipaant,  and  fork  lifts  ara  aamg  thoaa  that 
should  be  stored  insida.    If  it  is  nacaaaazy  to  stora  ttaaaa  typaa  of 

vehicles  outside  they  will  be  aff ordad  protaotioa  equal  to  insida 

storage.  j 


QUESTION  48. 

??????????????????????????  ?  7  ????????? 

?     Select  the  correct  statement:  ** 

?        a.    Vehicles  such  as  fire  trucks,  forklifts,  and  7ahicle9  contain- 
ing electronic  equipnent  should  never  ba  stored  inside. 


b. 


c. 


Vehicles  such  as  fire  trucka,  forklifts,  and  Tahicles  wit^ 
electronic  equipment  nt  •st  be  stored  inside. 

Vehicles  such  as  forkllfts,  fin  tracks^  md  vehicles  with 
electronic  equipment  should  be  stored  inside  but  they  may 
be  stored  outside  if  equal  protection  is  taken  to  protect 
them  fron  the  weather* 

Vehicles  such  as  fire  trucks,  forklifts,  and  vehicles  with 
electronic  equipment  cannot  be  stored^  either  inside  or  out^ 
side. 


??7?????????????????????????????77099 
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5ll 


frmm  28.  Answer:  48.  e 


V«  know  that  aiqrtliiiig  ttor#d  inaida  a  hall  dint  ^  battar  protae- 
tlon  than  «htn  it  la  atorad  ontalda.  Tha  mm  la  traa  for  v«hielaa. 
Whan  inaida  storaga  araaa  ara  availabla,  thay  riiould  ba  uaad  fint. 


Thia  appllaa  to  all  typaa  of  Yahielaa  to  ba  storad.  Aa  Haa  Juat  dit- 
cuaaad  ia  t^a  pravioua-  fraaa,  eonaldaration  for  Inaida  atoraca  ahould 
ba  glvm  to  special  type  vahLelaa  fir  at. 


QUESTION  49. 


7  ? 

? 

?  ? 

?????7???????77?7?77?7?????7 

7  7  7  ? 

* 

A 

true  statemsnt  is? 

? 

9 
• 

a. 

All  vehicles  should  be  stored  inside  vImq  posaible. 

7 

• 

b. 

All  vehicles  should  be  stored  outside. 

7 

* 

c. 

Vehicles  sboxild  never  be  storad  inaida. 

« 

d. 

Vehicles  should  never  be  storad  outside. 

• 

7 

?  ? 

7 

•  ■ 

?????7???7?7?777???7?7?77??7 

7  7?? 

1 


 ^ 
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Fri 


29. 


for  overs«M  •hlpaMt,  v«hlci«t  p>ing  loeo  ntotm^.  nd,  —  MCMsavy  OMratlonai 
vehicles.  Farticular  lactXMt  vill  b«  ahmm  to  tho  wiaarsl4«  md  iacsrior 
surfaces  of  ch«  v«hlcl«s,  m  «  vvhldc  nentlly  nwts  froa  tha  liuldt  out. 
The  outside  surfaco  «ust  oloo  bo  lospoceo4  Md  oomcod. 


QUESTION  50. 

??????  ?  ?  ?  r  ?  ?  ?  ?  ?  ?  7  7  ?  ?  ?  7  7  ?  7  ?  7  7  ?  7  ?  ?  ?  ?  r  ?  ?  ?  ?  ? 


Which  of  the  following  stateMiits  beet  describee  corroelon  control? 

V 

a.  Corrosion  control  Is  performed  only  in  the  Air  Force. 

b.  Corrosion  control  is  rust  (Control  of  Air  Fotct  vehlcloo. 


c.    Comnercial  vehicles  always  have  adequate  corroelon  troataent 

before  delivery. 

Corrosion  control  is  not  loportant  because  It  effects  only  the 
vehicle  body.   


? 
7 
7 

7 
? 


?  ?  ?  ?  7  ?  ?  7  ?  ?  7  ?  7  7  ?  ?  7  7  7  7  7  7  ?  ?  ?  7  7  7  ?  7  ?  ?  ?  7 


QUESTION  51. 

^  ■   ^  7  7  7  7  7  7  ?  7  7  7  7  7  7  7  7  7  7  7  7  ?  7  7  7  7  7  7  7  7  ?  7 

Which  of  Che  following  vehicles  are  not  normally  processed  for  corrosion  ' 

control'' 

,  V 

a.     Vehicle  being  shipped. 

->  < 

'  ^  7 

^       0.    Operational  vehicles  as  necessary, 

c.  Vehicles  being  processed  for  storage. 

d.  All  vehicles  on  a  yearly  baals. 


7  7     o     7  7 


7  ?  ?  ?  ?  ?  7  7  ?  7  ?  7  ?  ?  7  ■?  7  7  7  7  7  7  7  7  7  7  7  7  7  7  7  ?  JL 
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0 

.ERIC 


i 


3  Li 


30. 


t    50.    b      51.  4 


Corrosion  control  will  indlud*  rlonnlnt  mod  pn/prnting  vmhicl*  aurfiKn* 
lor  eoaeiiit        €>•  •pplientioft  of  ippUeabl*  pnMrvttt^.    aoMlnt  md 
prop«riag  will  conolat  of  vMhiag  with  my  tmd  ««t«ir»  md  if  nmc—mtf  th« 
rvoval  of  aud.  grml,  natt;  and  other  f onifs ^t«n«l«  w^th  «  viik 
brush  t  putty  knif«  or  tandpopor.    .Applyiag  prmrvatlw  will  b«  in  accordance 
with  TO  36-1-52,  Propnration  and  Corroaion  TraatMt  of  Vahiclaa.    Som  gaaaral 
itfiaa  UncXuda;  wajting  tha  axtarior  aurfaca  of  tha  vahida,  do  not  buff  unlaas 
aacaaaary  for  appaaranca  aaka;  apot  painting  any  hara  aatal  aurfacaat 
undarcoatlng  tha  vahicla. 


T 


QUESTION  52. •  . 

?  ?  •  ?  ?  7  ?  ?  ?  ?  ?  ?  ?  ?  ?  ?  7  ?  7  ?  ?  7  7  7  7  7  7  7  7  f  7  7  7  7  7  7  7  7  ?  ? 

7       Which  of  cha  following  preparation  atapa  la  alwayo  nectaaary  whan  proca.-? 
aing  a  vehicle  for  corroaion  control?  — 


7 
•* 

? 


a. 

b. 
c. 
d. 


Sanding  tha  vehicle 
Brushing  the  vehicle. 
Washing  the  vehicle. 
Scraping  the  vehicle. 


7 


?????????????  7  7  7  ?  7  7  ??  7  7  ??  7  7  7  ?  7  ?  7  ?  7  ?  7  ? 
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v«hicU  operator  and  tho  MiaCMfliett  mb* 


V 


bj  eho 


QUESTION  53.  a  ' 

????????????????????  7  7  ????  ^  I  t  t  2  I  I  2  T  ????  ? 

? 


?  Under  highly  corroslvo  conditions  who  vould  b«  »oet  likoly  to  obso 
vehicle  deterloretioaT 


a. 

b. 

c  • 

d. 


Vehicle  operator  and  aotor  pool  dlapatebar. 
^(ocor  pool  diapatcher  and  paaaeniera. 
Vehicle  operator  and  ■aintenance  control  personnel. 
Vehicle  operator  and  vehicle  ■aintenance 


? 
? 

1 
? 
? 


????????????????  7  ??????  7  7  7  7  ^  7  7  ,  7  7  ^  ^  7  ^  ^  7  y 
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SB 


ftmm  32. 


I    S3.  4 


..^H  -  ^*       forrclon  control,  type  "A"  m4  typo  "i".  Tm 

A  laeliites  CMipUeo  Mm^iag  o<  jdl  My  mt^mm.  fvt  mt^Ut  in^tr  floor 
aattp  undor  K««dlifiM,  iaoldo  wiadsKiold  poau,  laslds  trwdta  «i4  eoivloco 
uftdtrbody  and  oxtonor  of  thn  iPilitcU.    Typn  -1-  U  ooi^Ut*  tadorbodr  Mrrtciiig 
and  A  follovup  to  «  cyiio  "A"  Mrvlelnt. 


QUESTION  54. 

?  ?  ?  ?  ?  ?  7  ?  ?  ?  ?  ?  ?  ?  7  7  ?  ?  7  7  ?  T  T  T  ?  7  7  ?  ?  T  ?  ?  7  T  ?  ?  ?  ?  ?  ? 


?  Which  of  cho  following  vould  noimnlly  bo  p«rf otMd  on  cImo  -1- 
corrosion  croncnnnt?  ^       r~  wj.wv  » 


«.  Undorcoac  the  vchldo  undorbody, 

b.  Spray  thn  windshield  posts.  , 

c.  RenoVe  ch«  headliner. 

d.  Treat  all  tires  for  corrosion. 


? 
7 
7 

7 

7 

7 


?  ?  ?  ?  ?  7  ?  ?  ?  ?  ?  ?  7  r  7  T  7  7  ,  J  J  ,  ,  ,  ,  ,  J  ,  ,  ,  ,  ,  ,  ^  ,      ,  ,  ^  , 
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FOREWORD 

■       Thia  prografflaed  text  waa  prepared  for  use  in  3AaR47330.  Automocive  Repair 
^rni**      /  ^^'^         ^•l^***"<»  i«  1964  using  -30  scudents  from  tha  course. 
90^  of  the  students  achieved  the  objebtlvea  as  stated.    The  text  has  been  In 
use  since  1964  and  Is  considered  to  be  valid. 

OBJlCriVES 

After  completing  this  progrannaed  text,  you  wiU  be  able  to: 

.  I.      List  the  components  of  a  typical  vehicle  fuel  system. 
2.      List  the  purpose  of  each  component  of  a  vehicle  fuel  system. 
Objectives  tj  be  accomplished  without  error. 

Tbfis  text  is  also  used  in  3AAR42173  Course. 


/ 


INSTRUCT  I(»iS 


This  Programmed  Instructional  Packagt,  with  ita  attswtr  sheet  is  deslsned 
CO  b«  u8«d  «ither  as  a  home-study  projectfor  a  cUtsrooa  projact.    Th«  manner 
in  which  you  will  go  through  the  package  is  the  saaie  in  either  case.    You  will 
place  your  answers  to  the  quastions  on  a  separate  piece  of  paper.    Tha  correct 
answers,  or  ^onflrroaclpn  as  it  is  called*  are  located  at  the  top  of  the  page 
toKowing  ch«  questions.     Since  you  will  be  working  on  your  own,  it  will  be  pos- 
sible tor  you  to  simply  copy  the  correct  answers.    If  this  is  your  desire,  be 
our  guest.    However,  if  a  test,is  given  at  the  completion  of  this  package  you 
would  be  in  a  rather  embarassing  position.    TTie  BEST  way  is  to  carefully  read 
the  material  in  the  information  section,  read  the  question  and  write  your 
answer  to  the  question  on  a  separate  piece  of  paper.    Your  answers  nc«d  not  be 
exactly  Che  same  as  the  answers  in  the  confirmation  section,  but  the  MEANING 
oust  be  the  same.    If  you  should  not  have  the  correct  answer  to  the  question 
Chen  go^ack  to  the  information  section  and  read  it  again.     It  is  essential 
that  you  understand  each  bit  of  information  given  before  you  go  to  the  next 
.rame.     rhere  is  no  time  limit  except  that  set  by  the  instructor  if  this  package 
is  used  as  a  classroom  project.     If  you  should  not  achieve  a  high  enough  score 
on  cne  test  that  is  given  you  will  be  required  to  "retake"  the  package  until  you 
v'an  achieve  a  satisfactory  score. 


Do«?9  the  information  above  definicely  sav  that  there  will  be  a  test  given 
when  you  conplece  this  package? 


P 


iut  it  irapliM  that  one  MIGHT  BE  GIVEN. 


^K-  system  o=f  a  vehicle  serves  two  ba«lc  functions      Hi-  flr^r  «f 

•v<t.»        JTl    .  variation.,  but  fh«  aaln  unlti  of  •  vthide  tu.l 

cyuSder.  ^  "  ""•^  co»bu.tlbl.  for«  to  th.  .„gl„e 


 '.i-rd^. 


5 


1.      3  -  tvml  storat*  tank,  fu«l  filter,  fuel  pua*. 

...1G0L:w^....tsaLmT*..~.-.  -  :  ;. ....... 


Th«  first  of  the  units  in  thVfuel  system  is  the  storage  tank.    The  tank 
may  take  on  a  variety  of  shapes.  irtS^  nmy  have  been  dictated  by  the  veJicJe 
or  the  capacity  it  is  intended  to  have.  venicie 

^h    J^t  ^!  ^^"•^  "  prevent  corrdslon.    (A)    Baffles  are  arranged  in 

the  tank  in  such  a  manner  as  to  strengthen  the  structure  and  prevent  the  fuel 
from  sloshing  during  vehicle  operation.    (B)    Sloshing  of  the  fuel  would  craate 

highly,  volatile,  these  vapors  would  escape  through  the  tank  vent  (D)  cireating 

Tn  TZTrT"^  "^'.T^  ^'^^  ^«  it  serves  af 

an  overflow  vent  for  expanding  fuel  during  hot  weather  and  as  an  air  vent.  Air 
passes  through  the  vent  into  the  tank  displacing  the  fuel  as  it  is  being  used 

I    ^!  ««8i"«-    Unsatisfactory  engine  perfonnance  could  result  if  this  vent 
should  become  clogged. 


# 


2.  Why  is  the  fuel  tank  lead-coated  on  the  inside? 

3.  What  U  the  purpose  of  the  baffles  inside  the  tank? 
A,     What  is  the  purpose  of  the  vent? 


^  '  I. 


2.  Prevent  corro«lon. 

3.  Prevent  fuel  from  sloshing  and  strengthen  the  structure. 

A.      Overflow  for  expending  fuel,  and  to  allow  air  to  enter  the  tank  as 
fuel  is  being  used. 


It  was  mentioned  in  the  previous  frane  that  a  clogged  tank  vent  could  cause 
sooe  problcali.    Consider,  for  a  moaent,  the  air  which  Is  drawn  into  y^ur  lungs 
when  YOU  EXPAND  THEM.    The  void  you  created  in  your  lungs  when  you  expand  your 
lungs  is  REPLACED  by  air.    If  you  should  close  all  passages  to  your  liings  you 
could  not  draw  air  into  your  lungs,  and  you  know  what  will  happen  if  the  situation 
exists  for  very  long. 

Now,  what  happens  when  the  fuel  pump  takes  In  a  charge  of  fuel?    It  creates 
a  void  in  the  tank  in  the  same  manner  as  expanding  lungs.    Air  must  be  allowed 
to  replace  this  void.    Otherwise  a  vacuum  will  be  created  in  the  tank,  and  the 
fuel  pump  Is  not  designed  to  pull  fuel  out  of  a  vacuum.     In  fact  the  air  tt^^at  is 
allowed  to  bleed  in  through  the  vent  actually  PUSHES  the  fuel  from  the  tank  to 
Che  fuel  pump. 

Jhe  air  that  is  vented  into  the  tank  is  at  ATMOSPHERIC  PRESSURE.    As  the 
pump  /removes  a  given  amount  of  fuel  from  the  fuel  line,  atmospheric  pressure 
will /force  the  same  amount  of  fuel  to  take  its  place  (A).    If  the  vent  is 
clog'ged,r  air  pressure  cannot  enter  to  work  on  the  fuel  in  the  tank.    Fuel  will 
not  be  pushed  to  the  fuel  puxap  and  the  fuel  pump  will  not  be  able  to  deliver 
fuel  to  the  carburetor  in  constant  and  sufficient  amount  to  give  satisfactory 
engine  operation  (B). 


ATMOSPHERIC  PRESSURE 


VENT  CLOGGED 


1-1121 


5. 
6. 

7. 

system? 


iJhat  is  the  force  that  pushes  thfe  fuel  from  the  tank  to  the  fuel  pump? 
What  effect  does  a  clogged  vent  have  on  fuel  flow  from  the  tank? 
What  is  one  ttii.tg  to  check  when  looking  for  trot^le  in  the  fuel 


Rigid  and  flexible  lines  (or  tubing  if  you  prefer)  are  used  to  provide  a 
path  through  which  the  fuel  can  flow  from  the  fuel  tank  to  the  other  units  in 
the  fuel  system.    Generally  the  fuel  lines  are  large  enough  so  that  dents  caused 
by  rocks  will  not  restrict  fuel  sufficiently  to  cause  trouble.    However,  severe 
dents  or  kinks  In  the  line  may  restrict  fuel  flow  sufficiently  to  effect  engine 
performance.    (Just  like  a  clogged  vent.)    Large  amounts  of  foreign  material 
could  accumulate  in  the  low  spots  of  the  fuel  line  with  the  sane  effect  on  fuel 
flow  as  a  dented  or  kinlced  line. 


COPPER  TUBING 


NORMAL 


CLOGGED 


D 


8.  What  is  the  purpose  of  the  fuel  lines? 

9.  When  looking  for  the  trouble  that  fe.ght  be  caused  by  the  fuel  system 
what  should  you  consider,  other  than  a  clogged  tank  vent,  as  a  possible  cause 
oi  the  trouble? 


S  O 


S.      Provide  a  path  through  whf^  fuel  can  flow  from  the  fuel  tank  to  other 
units  in  the  fuel  system. 

9.      Dented,  kinked  or  clogged  fuel  line. 


Before  we  proceed  to  the  other  units  in  the  fuel  system  let's  dwell  a  little 
longer  on  other  fuel  line  troubles. 

Rfioenber  the  effects  of  atmospheric  pressure  on  the  fuel  in  the  tank?  It 
pushes  the  fuel  to  the  pump  but  the  air  never  reaches  the  pum^.     (Unless  the 
fuel  tank  is  eii^sty.)     It  Is  always  a  good  idea  to  physically  check  the  fuel 
quantity  when  trouble  in  the  fuel  system  Is  suspected.     (Never  trust  the  fuel 
gage.)    Air  can  enter  the  fuel  line  through  a  loose  fitting,  a  punctured  or 
cracked  line  or  fitting.     Usually  this  problem  can  re  .dily  be  discovered  by  the 
presence  of  fuel  on  or  near  the  loose  fitting,  puncture  or  crack. 


10.  Wliile  inspecting  the  fuel  system  what  other  possibilities,  other 
than  clogged  vent,  dented,  kinked  or  partially  clogged  fuel  lines,  should  you 
Inspect"? 

 « 

11.  What  effect  would  air  in  the  fuel  line  have  on  vehicle  operation? 


Frame  8 


13. 


Clean  or  replace  them. 


The  next  unit  tn  the  fuel  system  to  be  considered  is  the  fuel  pump.  Its 
purpose  is  to  punp  fuel  to  the  carburetor.    Fuel  puiq>s  are  of  several  different 
designs  but  are  either  awchanically  or  electrically  operated.    The  tnechanically 
operated  pump  works  on  the  principle  of  differential  pressure.    An  eccentric  (k) 
on  the  cawhaft  (b)  moves  a  lever  (c)  which  is  connected  to  a  diaphragm  (d)  by 
linkage.    As  the  eccentric  rotates,  the  lever  will  move  first  in  one  direction 
then  the  other.    This  movement  in  turn,  moves  the  diaphragm.    As  the  diaphragm 
moves  down  it  creates  a  lower- than-atmospherlc  pressure  in  the  chaaber  (e). 
Since  atmospheric  pressure  Is  exerting  a  force  on  the  fuel  in  the  tank,  the  fuel 
will  offset  the  inlet  valve  (f)  and  flow  into  the  partial  vacuum  created  by  the 
diaphragm.    As  the  diaphragm  Is  moved  upward  it  exerts  pressure  on  the  fuel 
in  the  chamber  (e)  .     The  fuel,  under  pressure,  exerts  pressure  on  the  intake 
valve  closing  it.    At  the  same  time  the  fuel,  under  pressure,  offsets  the  ex- 
haust valve  (g),  and  flows  out  to  the  next  unit  in  the  fuel  system.  Renumber 
that  the  fuel  on  the  "outlet"  side  of  the  fuel  pump  is  under  greater  pressure 
than  the  fuel  entering  on  the  "inlet"  side  of  the  pump. 


FUEL  OUTLET 


What  Is  the  purpose  of  the  ^uel  pump?  • 

^  principle  of  operation  does  the  nechanlcally  operated  fuel 

pump  work? 

forces  push  the  fuel  into  the  partial  vacuum  created  In  the 
diaaber  by  the  downward  movement  of  the  diaphragm? 

17.    What  happens  to  the  inlet  and  outlet  valves  when  the  diaphragm  is 
moved  upward?  ,     r  a- 
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Fuel  4M«iiticy  in  t«k,  looM  or  cr«cktt4  flttiiiti^  raetund  ot 


U.  Air  bubbles  will  raduc*  th*  qumntlty  of  futl  reaching  th«  fuel  punm 
which  in  cum  cuts  down  on  th«  futl  being  delivered  to  the  carburetor. 


TTje  fuel  filter  is  sooetlmes  a  separate  unit  as  illustrated  in  the  figure 
below  (1).    Its  main  purpose  is  to  remove  all  foreign  aatter  froa  the  fuel  be- 
fore it  reaches  the  puap.    Some tines  the  filter  Is  an  ifllagral  part  of  the 
fuel  pump.  (2)  Some  automobile  manufacturers  install  on  artdltlonal  filter 
immediately  after  the  fuel  pump  or  in  the  Intake  fuel  fitting  to  the  car- 
buretor   (3).    Since  some  filters  are  designed  to  remove  water  from  the  fuel 
in  addition  to  dirt,  rust  particles  and  anything  else  that  may  find  its  way 
into  the  fuel,  it  becomes  a  necessity  to  clean  (4)  or  replace  them  periodically 


1 


3 

I 

t 


P  APE«? 


SCREEN 


MESH 


DISC 


CERAMIC 


dent  'tlr^Z  ??u1°"k'  'J"^  P«^8"Ph  ^i=°ve.  Water  enters  the  fuel  by  acci- 
lem  especially  if  it  freezes.  become  a  prob- 


12.  What  is  the  purpose  of  the  fuel  filter? 

13.  What  action  should  be  taken  on  filters  periodically' 


7 


DNMitM  nedtiat  ea  th«  fiMl  la  eh«  fual  CMk. 


In  a  l«c«r  l«a«oa  you  will  laara  th«c  ch«  e«cbur«tor  will  not  accept  «11 
the  ftMl  eh«  puap  mdiVM  to  It.    What  happana  to  thU  axcaaa  fual?    If  you 
via  aotiea  tha  aprtat  uadar  tlia  diaphrapi  (a)  in  tha  llltiatracloa  5aloir,  Ita 
aain  purpoaa  la  to  vatun  tha  dlaphraga  to  Ita.  orlgiaal  pooltlda.    Tha  only 
thlni  tha  lam  doaa  (b)  U  pall  tha  dlaphragn  DOWI.    If  tha  caihucator  wUl 
net  aeeapt  fual  tha  diaphrayi  vill  STAT  DOWR.    Tha  Uvar  vlll  eontlaoa  to  aova. 
Aa  tha  fual  im  eoaa«MM|  by  tha  vahida  it  wiat  ba  raplacad.    Tha  apriatt  wider 
tha  diaphravi,  gradually  puahaa  tha  fual  out  of  tha  chMbar  to  tha  catbufater. 
Whan  tha  diaphraga  raachaa  ita  original  poalclon  tha  action  of  tha  lavar  pulla 
it  dovn  again  pulling  a  charga  of  fual  in  froa  tha  tank,    Anothar  aathod  of 
diapoaing  of  tha  rnncm*  fual  ia  to  rat  urn  it  to  tha  tank,  (c) 


18.  Ooaa  tha  diaphraga  aova  continually  with  tha  action  of  tha  lavar? 

19.  Whnt  {m  tha  purpoaa  of  tha  apring  uadar  tha  diaphraga? 

-  20.  Hm  doba  tha  apriag  uadar  tha  diaphraga  aff«ct  tha  fual  f loving  to 
tha  carburator? 

21.  lAiat  oth^r  pithod  ia  uaad  to  diapoaa  of  exeats  fual  baing  pui^ad  to 
tha  carburator? 
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18.  No. 

in'  diaphragm  to  ics  original  position. 


fu.i^?n  r^l^  T!!"*  *f**"!'  ^^'^  diaphragm  creating  a  conatant  pressure  on  the 
fuel  In  the  chaster.    As  the  fuel  in  the  carburetor  is  consumed  it 
13  replaced  by  fuel  under  pressure  from  the  fuel  pump  chamber. 
21.      By-pass  the  excess  fuel  back  to. the  bank. 


J?^/  ?  utilize  a  vacuum  booster  to  increase  the  efficienty  of  the 

windshield  wip«rs  and  to  operate  vacuum  controls.    Since  the  trend  is  over- 
whelmingly toward  the  use  of  electric  windshield  wipers,  the  vacuum  booster 
will  be  only  mentioned  here.    Like  the  pump  mentioned  on  the  previous  frame 
it  contains  a  diaphragm.    The  action  of  the  diaphragm  (a)  opens  the  inlet  check 
Ih'^^  diaphragm  return  spring  (d)  forces  the  o^!et 

check, valve  (e)  open  and  moves  the  fuel  out  of  the  chamber  toward  the  carbur'^r 
The  operation  o    the  vacuum  portion  (f)  of  the  pump  is  identical  to  the  opera- 
tion of  the  tuel  pump  portion.     Instead  of  pumping  fuel  ir  pumps  air. 





Frame  11 


G«aftf«il7  A.nnua  iMptetlM  «f  tkm  fu^ 


icfiift  oa  ^--^^ 
iMk  out  mmd  thmm.    Loos*  se 


Illy  dUcownd  fiwl  «U1 
 ^«  tBOH^  Co  ews^  th«  ftMl  pUM  to  lOM 

pra^rly,  «  brok«a  or  w««k  opdag  or        m  brokoo  Imr  irtll  mo  cbo  mm 
CO  b«  laoporoclvo.    A  tforn  occoBtne  My  ovoo  coooo  cho  fool  poap  Co  bo  hlm^ 
b«c«iMo  of  Ico  iaobiUcy  Co  4oUvor  fool  Co  cho  corburocor*   Tcoto  ouch  m  vocuua 
/   t^co,  proMttfo  cooco  mU  voluoo  cooco  oro  porforMd  Co  docotalao  o  Mlfuaccioo 
whon  cbo  ciuoo  to  boc  roodlly  oppocooc.    Tho  llluocrocloo  boloo  la  a  '^loirup" 
U!l*Jh!  ?  oochoDlcolly  oporocod  fool  poop,    ic  oboold  bo  orldoac  choc 

Sivoo  Cho  locotttol  ports  of  cho  puiip,  repair  can  oaolly  bo  affocta4  io  cho 


22.  Ubae^  coaca  aro  porfotmod  oo  a  oochaoically  opcratod  foal  puaip? 

s  • 

23.  Od/or  Chao  locomal  falloro  i*o^  coold  eoooo  ioaf  fieiooC  fool 
oporocioo? 


22.  Vacuum,  pressure  and  volune  test^\ 

23.  Loose  screws,  worn  or  broken  lever^v  or  a  worn  eccentric  on  the 
haft . 


"S.  ^  P""^*  are  not  In  coimson  usage  \i  general  purpose  Air  Force 

V  vehicles.    Their  principal  use  is  as  fuel-transfer  pikps.    They  are  usually 
fully  subaerged  In  the  fuel  tank.    The  driving  unit  i*.  usually  an  electric 
notor  driving  an  impeller  (a).    Some  electric  pumps  corisist  of  a  motor  operating 
a  set  of. bellows  (b)  which  operate  much  the  same  manner the  diaphragm 
mechanical  pump.    The  nature  of  their  construction  is  su^  that  a  defective 
electric  pump  will  seldbm  be  repaired  in  the  field.  ■ 


-V 


24.      How  are  electric  fuel  pua^s  usually  mounted' 


25.  ^  Wh/^ 


are  the  two  main  types  of  Electrically  operated  fuel 


pumps 
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th«  Mst  imlc  la  th«  ttml  ays t mi  u  th«  earbttntor.    Ic  mt      a  om.  Ofo, 
or  four  b«ml  e«rbiar«€er  or  aay  b«  1m tailed  la  Bttlclpla^.    (Mot*  ehaa  ona 
carburocor.)    Batardlass  of  its  also  Ita  prlaary  purpota  it  tha  9mm,  Safora 
eha  antiao  cm  coaatM  tha  ran  foal  that  U  la  tha  taai  th«  fual  mat  ba  tunad 
Into  a  vapor  for*  or  atoaliad  aad  propat  proportioao  of  It  aUfd  with  tha  air 
dram  lato  tha  cacbarator.    Tha  caibuiator  auot  aUo  supply  th*  eorract  fuol- 
co-air  ratio  throushout  th«  full  rsaga  of  obtina  oparatloa.    Whlla  tha  ear- 
burator  is  probably  tha  aost  laportaat  itaa  in  tha  fual  ayataa  It  will  ba 
dlacusaad  la  aoaa  datail  in  a  latar  lassoa.    A  typical  earburttor  Is  shown 
balow. 


26.      Whst  la  the  purposa  of  tha  carburetor? 


5?  7  • 


.     .  *  '    Frtet  15 

27.  DeUv«r«d  che  fuel  in  vapor  form  from  the*  capburecor  to  the  cylinders. 
>S.  An  urtwanua  air  leak  (from  dlaconnected  vacuum  Unas,  broken  incaia  • 
4d^k«ca,  Iwosa  awunting  bolts,  cradled,  wairped  or  puncturad  i!»i»nlfold) . 


30.  B. 


One  otner  unit,  which  is  not  part* of  the  fuel  system  but  is  part  of  the  air 
induction  systen  and  thus  shQuld  be  cohSldared  it  this  zittm  is  the  air  cleaner. 
There  are  several  types  of  air  cleaners,  ranging*  from  the  coppet  gauze,  or 

chore  girl    type,  to  the  wet-type  or  ''oil  bath"  cleaner.    The  simple,  "chore 
girl    cleaner  Is  cleaned  periodically  by  rlnai^ig  the  element  in  clean  solvent, 
aoaking  it  in  clean  engine  oil  and  re-installing  it.    The  "oil  bath"  cleaner 
Is  washed  in  solvent,  the  oil  is  replaced  with  clean  oil.  and  it  is  replaced  on 
the  carburetor.    The  almost  universal  application  on'  the  modern  vehicle  is  the 
dry- type  paper  (or  fiber)  replaceable  element  cleaner.    Regardlesa  of  the 
design,  the  purpose  remains  the  ^ane.  that  of  preventing  dirt  from  entering  the  1 
engine.    The  filtering  element  is  cleaned  or  replaced  because  as  it  becomes 
clogged  with  dirt  it  "chokes  aff"  the  supply  of  air  and  iitcreases  fuel  consumotion. 


OtV  All  ClIANtt 


31.  What  is  the  purpose  of  the  carbur.^tor  air  filter? 

32.  Wl'.at  are  the  two  t^es  of  air  filters?  / 


31.  Cl«m  sdr  Mcarliig  eh«  cttburttor. 

32.  Dt7  /4id  ¥«e  type. 


W«  hm  emrtd  th«  find  syaeaB  brl«flr.  'W«  kaov  th«'bMle  eovpenmt*  of 
ch«  tytfaa,  thalr  function* ,  and  thair  locatlona  in  eha  fual-flov  aaquanea. 
Bach  of  tha  unica  v«  atudiad  wlXl  ba  diacuaaad  In  fraatar  datall  In  tha  claaa- 
rao«  aoMtlaa  In  tha  naxt  tm$  dafa.    Nnat  of  tha  unlta  vilX  ba  glm  you  to 
diaaaaaBbla  and  inapact.  *o  that  you  will  baeoaa  mv  tuHlimx  with  thaa. 

« 

If  YOU  hava  conplatcd  this  program  aa  a  ho«a  study  projact,  your  instructor 
will  cast  you  in  tha  classroom.    If  you  hava  coi^latad  tha  program  in  daaa* 
rairicw  it  aa  naeassary  at  this  tioa  and  notify  your  Inatnictor. 


lOMILZS 


4-         -.>     •/   .  .VI,  ^ 


ATisEAC^f  «^;*;oi  oiON  i  chick  his  OAoe 

MCW  S  Out  *N  'Ml  IOON*tS 

WITH  iHl  §u22A«D$  A^iD  SaG£  '* 
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